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The 25SA COMMINUTOR. This machine 
will handle tlows averaging up to 10,- 
000.000 gallons a day when set in a 
channel of proper design. The scissors 
point to the shear bars and cutting 
teeth on the slotted drum 


Cross section view of a typical chan- 
nel design for the CHICAGO COM. 
MINUTOR. Detailed drawings of accept 
able channel forms are available to 
qualified engineers. For further infor- 
mation on COMMINUTORS. sizes. capc- 
cities and channel design write for Bul- 
letin 18S 


When you specify the CHICAGO COMMINUTOR you 
get both halves of the scissors. 


The channel acts as the holding and feeding half of the 
scissors. The cutting teeth and shear bars of the COM- 
MINUTOR drum make up the cutting half of the pair. 


Years of research and knowledge gained through more 
than 2,000 successful installations prove conclusively 
that the hydraulic characteristics of the channel in which 
the COMMINUTOR is placed are as important as the 
cutting mechanism itself. 


The form of the channel which makes effective commin- 
ution possible is an exclusive feature of the CHICAGO 
COMMINUTOR. Clogging and binding of coarse solids 
in CHICAGO COMMINUTORS is positively eliminated. 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 


2300 WOLFRAM STREET 


Flush Kleen, Scru-Peller, Plunger. 
Horizontal and Vertical Non-Clogs 
Water Seal Pumping Units. Samplers, 


CHICAGO 18, ILLINOIS 


Swing Diffusers, Stationary Diffusers. 
Mechanical Aerators, Combination 


Aerator-Clarifiers, Comminutors. 
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THE FLOW METER ~ 


= 
FOR DRY SLUDGE, 


ithout interrupting the flow, Builders Conveyoflo 

Meter weighs dry sludge as it moves by conveyor 
belt from the vacuum filters to discharge point. You know 
exactly the total weight of sludge produced without resorting to hand- 
weighed samples for estimating output. The Conveyoflo Meter registers 
at the installation or over any distance the total weight within + 2 of 1% 
of actual flow for most of its range. Rugged, air-operated weigh dia- 
phragms are used instead of bulky overhead framework and lever 
system. Totalizer readings are automatically compensated for variations 
in belt weight which may be caused by material sticking to the return belt 
or the absorption of moisture. Builders Conveyoflo Meter requires mini- 
mum space and is simple to install as a complete unit or in existing con- 
veyor systems. For complete information and Bulletin E4-550, address 
Builders-Providence, Inc., (Division of Builders Iron Foundry), 28 Codding 
Street, Providence 1, R. |. 


BUILDERS PRODUCTS 


Venturi, Propeloflo and Orifice Meters * Kennison Nozzles * Venturi Filter 

Controllers and Gauges * Conveyoflo Meters * Type M and Flo-Watch Instruments 

Wheeler Filter Bottoms * Master Controllers * Filter Operating Tables * Manometers 
Chronoflo Telemeters 


BUILDERS= PROVIDENCE 


BUILDERS 
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EVERY 


Parshall Rectangular Circular Type S 
Flume Liners Chart Type Meter Chart Type Meter Parabolic Flume 


WINNER! 


@ AIR DRIVE ARRANGEMENTS @ SPECIAL MEASURING EQUIPMENT 
@ PROPORTIONAL CONTROL SYSTEMS = @ SUMMATION DEVICES 
@ CHEMICAL FEED CONTROLS 


Write for free bulletins to the Simplex Valve & Meter Co., 
6719 Upland Street, Philadelphia 42, Pa. 


METER COMPANY 


: 5 
{ 
Sewage Type Sewage Type Controllers For 
f Air Release Valves Venturi Tubes Clarified Sewage Pe 
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(You 
ARE YOU SURE OF YOUR GATE VALVES? 


YOU 
YOU 


Gate valves are used so seldom you 
can't help feeling uncertain how they 
will work the next time. That’s why 
cautious buyers base their choice on 
performance records. 

And that’s why an overwhelming 
number of them choose R. D. Wood 
Gate Valves. They know the reputa- 
tion of these valves for long and de- 
pendable service. Only 3 moving 
parts to the internal mechanism— 
spreader and discs. The discs are free 
to rotate their full circumference 
when raised or lowered; they are not 
subjected to drag—and wear at any 
one point. In closing, pressure is 
evenly distributed at the center of 
discs, which seats them tightly with- 
out distortion. No small parts to go 
wrong. No pockets to collect sedi- 
ment. Unobstructed flow of water. 

Send for complete details. Give 
your community the safety plus of 
R. D. Wood Gate Valves, proved in 
generations of use. 


R.D. WOOD COMPANY 


uw Public Ledger Building, Independence Square 
Philadelphia 5, Pa. 


Manufacturers of Mathews Hydrants and “‘Sand- 
Spun” Pipe (Centrifugally Cast in Sand Molds) 


Seasoned castings. Rigidly inspected. For 
working pressures up to 175 lbs. Tested to 300 
Ibs. Conforming to AWWA specifications. 
Bell or flanged ends, or to connect with any 
standard type of joint. Sizes 2” to 30”. 
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ee Because the drying process is applied to a wide varia- 
We invite you tion of materials and conditions, Link-Belt invites 

ine you to test our claims for superior and more economi- 
to test our cla ims cal drying of sewage plant sludge, after vacuum filtra- 


in sewage plant tion, in our special laboratory where test materials 
. can be mixed, dried and screened, to produce the 


sl U d g e desired product. 


See sludge from See sludge from your own plant dried and see an 
accurate analysis of the operation in our own labora- 


your own plant dr ied tory. Link-Belt Research Engineers are at your serv- 


: ice. They are thoroughly qualified and equipped to 
ona test run at assist you in arriving at the best solution of your 
’ drying problems. A test run on filter cake sludge can 
LINK-BELT’S DRYER 
arranged at your convenience...simply write or 
Laboratory ae phone your nearest Link-Belt Plant or Office. 


MAY WE SEND YOU LINK-BELT DRYER BOOKS Nos. 1911-A AND 2209? 


-LINK-BELT COMPANY 

| Chicago 9, Indianapolis 6, Philadelphia 40, 

Atlante, Dallas 1, Minneapolis 5. Sen 
Francisco 24, Los Angeles 33, Seattle 4. 


DRYERS AND COO 


DRYING PROCESS ENGINE 
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lower Excavation Costs 


UBSTANTIAL SAVINGS in excavation 
costs are often possible with Transite* 
Sewer Pipe because of its high flow capacity. 
This often permits the use of flatter grades 
and shallower trenches. This is a particularly 
important advantage where the pipe must 
be laid at or below the ground water line or 
where rock excavation is involved. 
As an alternate economy, designers may 
take advantage of Transite’s high flow 
capacity by specifying smaller diameter pipe. 


OTHER TRANSITE ECONOMIES 


Transite’s long 13-foot lengths and light 
weight lower handling costs. And because 
there are fewer joints to assemble in the 
finished line, installation is faster, and more 
economical, 


eee Johns-Manville 


As a further economy, Transite’s sleeve- 
type joints guard effectively against infiltra- 
tion. This helps reduce the load on the 
treatment plant. Therefore, treatment costs 
are kept to a minimum—plant capacity is 
conserved for the increased loads incident to 
community growth. 


Made of asbestos, cement and silica com- 
bined into a homogeneous material of great 
stability, Transite Sewer pipe is corrosion- 
resistant both inside and outside. And every 
Transite length is factory-tested for strength 
and uniformity. This adds up to low main- 


tenance costs through the years. 


For all the facts, send for brochure 
TR-21A. Johns-Manville, Box 290, 
New York 16, N. Y. 


*Transite is o Johns-Manville registered trade mark 


TRAWSITE SEWER FHPE ... 
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Because of its free-flow design and balanced 
streamlined disc, head lasses are reduced to a 
minimum in Chapman Tilting Disc Check Valves. 
Actual experience has shown savings of from 65°; 
to 80% in head losses over conventional type check 
valves. 


There’s only one moving part in Chapman Tilting 
Disc Check Valves—the balanced hinge-pinned 
disc. When opening, this disc lifts away so that 
there is minimum wear on the seat. And once 
opened, it rides smoothly on the flow, minimizing 
wear on bearings and pins. It closes quickly and 
quietly because of the affect of the stream on the 
short flap. Hammering and consequent strains on 
pipe lines are eliminated. 


Chapman Tilting Disc Check Valves are available 
in either iron or steel. Send for bulletin containing 
engineering data and reports of tests. 


Cross-section of the Chapman Disc 


Check Valve illustrating the way that the bal- 
anced disc is supported on the pivot, with 
arrows showing the travel of the disc. A fea- 
ture of the design is that the disc seat lifts 
away from the body seat when opening, and 
drops into contact when closing, with no 
sliding or wearing of the seats. 


The Chapman Valve Mfg. Co. 


INDIAN ORCHARD, MASS. 
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Write for B ulletin 
will handle ALL th 


#216 describing the unit which 


© wastes from your comm unity 


: 
ENGINEERS ann OFFICIALS of SMALL 
AND MEDIUM.sizpp TOWNS OR 
Are yoy onsidering Sewage Disposq}? 
Does your town already Own q Sewage Disposq] Plant? 
“4 8 Are you Concerned about Rubbish and Garbage Disposq}? = 
TF YOU PRopoge BUILDING 4 SEWAGE Plant OR IF yoy | 
ALREADY ONE, DO yoy KNOW THAT yoy CAN Cow. 
PLETELY Dispose OF THE SEWacp SLUDGE As WELL As 
YOUR GARBAGE AND RUBBISH THE SMALL POSSIBLE 
q |g EXPENSE, IN UNIT — NICHOLS 
“4 | DUOHEARTH PRIER-INCINERATOp > 
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BY CHEMICAL TREATMENT 


ACCELATOR- 
OR CYCLATOR 


BY BIOLOGICAL TREATMENT 


ACCELO-BIOX” 
OR ACCELO FILTER 


EGARDLESS of which method you use 


—specify INFILCO Equipment! Get the 
benefit of these superior advantages: 1. Higher 


THE CYCLATOR 


operating rates. 2. Lower space requirements. 
3. Greater efficiency. The INFILCO field 
engineer offers you complete facilities, 


valuable service and unbiased recommenda- 
tions to meet every waste treatment problem. 
Call him today or write us for complete 
information. 


ACCELO Filters and final clarifiers 
for lorge sewage plont © BETTER: WATER CONDITIONING ® 


AND WASTE SINCE 
INFILCO INC. 


ES OFFICES IN TWENTY SIX P NCTPAL CITIES: 
> 


WORLD'S LEADING MANUFACTURERS OF WATER CONDITIONING AND WASTE TREATING EQUIPMENT 
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Large plant or small... primary 
or complete treatment. .. domestic 
or industrial waste, Rex provides 
the right equipment for every liquid 
clarification or solid separation 
operation. 

Small plants can obtain equip- 
ment that is equally efficient, 


equally economical and as durable 


as that for large plants. All Rex 
equipment and processes are time- 
tested and proved in hundreds of 
successful installations. Specially 
trained Rex sanitation engineers 
will be glad to help you with your 
problems. For facts write Chain 
Belt Company, 1606 West Bruce 
Street, Milwaukee 4, Wis. 


For information on the complete Rex line of 
Sanitation and water treatment equipment, 
send for your free copy of the new Catalog 
. 48-41. 


REX MECHANICALLY CLEANED 
BAR SCREENS are neat in appear- 
ance and provide an efficient means 
of removing large solids from liq- 
uids. They are easily installed in 
new or existing channels and have 
remarkably low head loss. With 
side frames recessed in channel 
walls, they assure an unobstructed 
flow to the rack. 


SANITATION | 
EQUIPMENT 
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REX FLASH MIXERS AND FLOCTROLS 
provide the necessary rapid disperse- 
ment of chemical throughout the liquid, 
followed by gentle multi-stage slow mix- 
ing for optimum floc formation. Floctrol 
designs assure utilization of full tank vol- 
ume and important savings in chemicals. 


REX TOW-BRO SLUDGE REMOVERS are 
the only sludge collectors which remove 
sludge from tank bottom immediately 
on contact instead of by the usual blow- 
ing or scraping. They assure accurate 
control of sludge removal over a wide 
range of withdrawal rates. Greater sludge 
concentration, greater operating flexi- 
bility and a clearer effluent are all readily 
obtainable with Tow-Bro. 


REX GRIT EQUIPMENT, incorporating 
the exclusive principle of recirculation, 
effectively separates and removes in- 
organic solids from liquids. No grit 
washer is needed. Long life is assured 
with minimum maintenance. 


REX CONVEYOR SLUDGE COLLECTORS 
combine the well-known advantages of 
the rectangular settling tank with a 
rugged and efficient form of sludge re- 
moval mechanism. Whether handling 
primary sludge or light flocculent solids, 
their performance is trouble free and 
dependable. They rarely need to oper- 
ate more than a few hours daily. 


>, 


(CHAIN BELT COMPANY of Milwaukee \ 
Member of the Water and Sewage Works Manufacturers Association y 
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Cutting Sewer Costs 
iS LIKE PLAYING GOLF 


“Matched clubs” mean better results for 
the golfer. In building sewers your 
“matched set” of Armco Corrugated 
Metal Structures means you get exactly 
what you need to do the job. Here’s how 
it works to save you time. money and 
labor 

You select plain, galvanized Armco 
Corrugated Metal Pipe for normal serv- 
ice, AsBpestos-BonpeEp Pipe to check se- 


vere corresion or Pavep-INVERT Pipe 
where erosion is the problem. 

For large structures there is ARMCO 
Mucti-PLate Pipe or Arches. These are 
shipped to the site “knocked down” 
ready for quick field assembly. If head- 
room is limited, either a plain corru- 
gated Pipr-ArcH or a MULTI-PLATE 
Pire-ARCH is just the thing. 

Material costs are low because you 
choose exactly what you need in a wide 
range of sizes. from 6-inch round pipe 
to a 24-foot Mutti-PLate Arch. A small. 
unskilled crew does the work without 
special tools or heavy equipment. Labor 
costs are low. 

Why not talk over that next sewer 
problem with the Armco Engineer—or 
write for complete information. Armco 
Drainage & Metal Products. Inc... 1235 
Curtis Street. Middletown. Ohio. 
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LYBRICANT CHECK VALVE 


ALL THESE FEATURES IN ONE VALVE 


UNEQUALLED ADVANTAGES FOR SEWAGE DISPOSAL 


“SEALDPORT” LUBRICATION EFFECTIVE ANTI-FRICTION SHOULDER SEAL 


TRIPLE ACTION BY TURNING SCREW PORTS SEALED BY LUBRICANT 
(Seals, jacks and lubricates) 


SIMPLE ROTARY PLUG ACTION 


QUARTER-TURN COMPLETELY CLOSES CORROSION & EROSION-RESISTANT 
NON-GALLING OPERATION NO EXPOSED THREADS TO DETERIORATE 


SEAT UNEXPOSED TO LINE MOST COMPACT—NO BONNET 

NO VOIDS TO COLLECT DEPOSITS TESTED LUBRICANTS FOR SPECIFIC SERVICES 
STREAMLINED FLOW PASSAGES MEET ALL STANDARDS OF SPECIFICATIONS 
TAPERED PLUG ASSURES CONTACT CHOICE OF SCREWED & FLANGED ENDS 


CAN BE TIGHTENED UNDER PRESSURE 


400 N. Lexington Ave., PITTSBURGH 8, Pa. 


Export: Rockwell International Corp., 7701 Empire State Bldg., New York i, N.Y 


NORDSTROM VALVE DIVISION—Rockwell Manufacturing Company & 


LUBRICATED VALVES 


15 
AUBRICANT SCREW 
RESILIENT PACING WRENCH SQUARE 
gland nut te peching without ot 
On apposite sides of ping. = “WOLTED PACKING GLAND. 
CAP SCREW OR COVER 
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“VAREC” Approved GAS CONTROL 
and SAFETY DEVICES are INSTALLED! 


No matter what size plant, no 
matter how much variation in gas 
volume, there are VAREC Gas 
Control and Safety Devices that 
will permit the safe utilization of 
sewage gas and the automatic burn- 
ing of waste gas in your sewage 
treatment plant. This sturdy, fool- 
proof equipment is now specified in 
all sizes and types of sewage treat- 
ment plants. 


VAREC Flame Traps, Flame 
Arresters and Flame Checks are 
all designed to pass normal gas 
flow, yet are positive in their flame 
stopping action. VAREC Super- 
sensitive Regulators can be de- 
pended upon for maintaining proper 
pressures to gas utilization equip- 
ment. VAREC Waste Gas Burners 
are the simple solution to waste gas 
problems. Write for the latest 
catalog. 


THE VAPOR RECOVERY SYSTEMS COMPANY 


MPTON, CALIFORNIA, U.S 


" NEW YORK CLEVELAND CHICAGO HOUSTON 
30 Church Stree! + 1501 Euclid Ave +122 So. Michiqon Ave. + 533 Mayo Building. 821A M.& M Bldg 
Available from Authorized Sewage Equipment Agents throughout U.S. and Conada 


Coble: VAREC COMPTON (all codes) 


” 
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“Large Carrying Capacity... 


IMPROVED 
COLLECTORS 


“DESIGNED FOR THE JOB 


for primary and secondary settling tanks 


J ef fr ey Collect: Ol$—designed for rectan- 


gular shaped settling tanks — simplest 
and most efficient type of sedimentation 
device. 


Large Carrying Capacity — permits 
intermittent operation. 


Stable Conditions of Flow—result- 
ing from proper baffling of influent and 
correct location of effluent troughs. 


Considerable Power Saving —one- 
half revolution of conveyor once or 
twice daily sufficient to remove all 
settled sludge — thicker sludge and 
clearer effluent. 


Positive Movement of Scum — to ef- 
fluent end of tank for removal by 
Scum Removers. 


These Collectors —for small, medium 
or large tanks—have been installed in 
many plants—all same general, well- 
proved design. Besides we make Bar 
Screens, Grit Washers and Collectors, 
Scum Removers, Chemical Feeders, 
Grinders, Sludge Elevators, Floccula- 
tion Equipment, etc. 


A competent Sanitary Engineer, well versed in the 
treatment of water and sewage by mechanical means, 
will be glod to moke recommendations. 


SALES OFFICES IN PRINCIPAL CITIES 


902 NORTH FOURTH STREET, COLUMBUS, OHIO 
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Storm Drains for Modern Expressways 


are Built of CONCRETE PIPE 


HE CALL MET Expressway, a new 
highway entering Chicago from the 
south, will be drained by modern, 
economical concrete pipe. The drawing 


above shows a typical section. 


In the drainage system water is 
collected at the pavement edges and 
channeled to catch basins located off 
both shoulders and under the median 
strip. From them the water is delivered 
to a single large-diameter concrete pipe 


near the center line. 


more than a century. That experience 
has demonstrated that concrete pipe 
has long life and costs little or nothing 
to maintain. These factors, com- 
bined with its moderate first cost, 
add up to low-annual-cost drainage. 

Concrete pipe has the strength to 
sustain heavy overburdens. Its smooth 
interior finish resists abrasion and pro- 
vides maximum hydraulic capacity. 
When planning a storm drainage sys- 


tem—or a sanitary 


Photos show installation of concrete catch basin 


Concrete pipe has 
been used for storm 


drains and sewers for 


and 84-in. concrete pipe on Calumet Express- 
way. The size of the concrete pipe in this 


Project ranges from 12 in. to 96 in. in diameter. 


sewer — specify con- 
crete pipe for low- 


annual-cost service. 


PORTLAND CEMENT ASSOCIATION 
33 W. Grand Avenue « Chicago 10, Illinois 


A national organization to improve and extend the uses of portland cement and concrete 
through scientific research and engineering field work 
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Operating results attest overall BATITTY 
efficiency . 


Spirafio Clarifier is demonstrating in scores of installations its 

exceptional efficiency in BOD and solids removal—results CL A R| F | FR 
directly attributable to these design features: 

@ Sewage enters the main clarification compartment at the 


bottom, after having spiraled through an annular race Ea th 
around the periphery of the tank be Wi a 


@ Scum, grease oil and floatable materials are automatically e : 
removed from the annular race—therefore cannot pass on tangent jal 
to the filter and clog distributor nozzles 


@ Raw sewage flows upward through a sludge blanket oe - 
toward centrally located effluent weirs—increases inlet 
flocculation and removal of solids 


@ Construction costs are minimized because of straight-wall design and elimination 
of costly reinforced concrete effluent troughs 


@ Pre-ceration can be accomplished inexpensively by installing air diffusion tubes 
in the race 


Spiraflo clarifiers can be installed in water treatment and in either trickling filter or 
activated sludge sewage treatment plants. A highly efficient overall plant reduction is 
achieved when the Spiraflo is used in conjunction with the “Aero-Filter” high capacity 

trickling filter system. Spiraflo clarifiers are 
“nn tere the logical choice for primary treatment 
plants, especially those treating strong 
industrial wastes. 


EFFLUENT 
LAUNDER 


Bulletin 6790 contains full information with 
performance data and construction cost 
estimates—write us for it. 


YEOMANS BROTHERS COMPANY, 1411 North Dayton Street, Chicago 22, Illinois 
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PLUG VALVES 


Representatives O.c.f Plug Valves are ideal where the lading is viscous 
in more than 50 “ or contains suspended solids Write for catalog No 
principal cities. @ R p* SJ-9 direct to American Car and Foundry Company, 

ic Valve Division, 30 Church Street, New York 8, N. Y. 
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Sludge Digestion 


Record these 
important 
lemperatures 


@ SLUDGE HOT WATER-IN © HOT WATER—OUT 


A continuous record of these three temperatures will provide 
a complete picture of digester operation . . . a constant 
check on efficiency. 


You'll know if correct sludge temperature is being main- 
tained for proper rate of digestion . . . and temperature dif- 
ferential between hot water to and from the digester will tell 
how well the heat is being absorbed by the sludge. The three 
readings, centralized on one chart. will provide an accurate 
guide to over-all efficieney and will warn of incrustation on 
the inner or outer surface of the heating coil. 


The Brown 3-Pen Recording Thermometer is ideal for this 
application . . . precise, accurate. always dependable. Write. 
today, for Bulletin 7301... “Brown Instruments for Treat- 
ment of Sewage and Industrial Wastes.” No obligation. 


MINNEAPOLIS-HONEYWELL REGULATOR CO. 
BROWN INSTRUMENTS DIVISION 
4518 Wayne Ave., Philadelphia 44, Pa. 
Offices in principal cities of the United States, Canada and throughout the world 


Advanced Instrumentation 
FOR SEWAGE TREATMENT 
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OF COMPLETE TREATMENT FOR COMBINED 
SEWAGE AND INDUSTRIAL WASTE 


Exclusive AMERICAN development 
combines the best qualities of trick- 


ling filter and activated sludge 
into a unified, superior system. e 


INTERMEDIATE 
TANK. 
2 


BYPASS 


DIGESTER MOT SHOWN 
WASTE 
HIGH CAPACITY ea" ACTIVATED SLUDGE 
FUTER 
Phantom view of typical Bio-Activation plant 


PRIMARY SLUDGE 
TO DIGESTER 
PRE-TREATMENT 
GREASE FLOTATION a 


Provides Complete, More Efficient, More Economical Treatment 
sIO-acTivanon Eliminates Costly, Troublesome Upsets 


Giuas You: The AMERICAN Byio-Activation* system utilizes the best 

qualities of trickling filters and the activated sludge process 

The most modern developments in ... combines and integrates them by an exclusive method so 

sewage treating methods that they work together to achieve a superior result under all 

NO HIGHER construction cosi conditions. In Bzo- Activation, the usual primary treatment is 

employed, followed by high capacity filters and short period 

intermediate sedimentation. Here, initial high removals of 

SIMPLER laboratory control B.O.D. are obtained before the sewage is passed to aeration 

GREATER ease of operation tanks where activated sludge is developed. Because of the in- 

j termediate filter treatment which considerably reduces the 

MORE dependable service strength of the primary effluent, the liquor can be readily 

INCREASED stability andefficiency | handled by the activated sludge process without the usual up- 
sets caused by exceptional conditions and shock loads. 

LIST OF INSTALLATIONS The advantages of this system assure a completely stable, 

GLADLY FURNISHED ON REQUEST final effluent which contains nitrates and is low in B.O.D. and 

“Process Patented by suspended solids. Several alternative flow plans to meet vari- 

American Well Works ous conditions are available. 


Send for Bio-Activation Bulletin No. 259. 


LOWER operating expense 


LOW-COST CONVERSION ENGINEERING SERVICE— Our stoff of Sanitary Engineers is well qualified 
to cooperate with consulting and operating engineers in suggesting the 
OF EXISTING PLANTS process of treatment and type of equipment best suited to individual 
CAN DOUBLE CAPACITY needs. Inquiries on new i or impr ts in existing plants 


will receive prompt attention. 


Conversion ofa straight trick- 


ling filter or activated sludge 
plant to Bio- Activation is easy 
and economical. Doubles the 


plant capacity, lowers operat- 


IN OUR GOTH YEAR Pumping, Sewage Treatment, and 
ing cost, and requires less 110 North Broadway © N Water Purification Equipment 


laboratory control. AURORA, ILLINOIS me” RESEARCH ENGINEERING - MANUFACTURING 
Offices: Chicago + New York + Clevelond + Cincinnati + Konsos City + Sales Representotives throughout the World 
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FOR WATER WORKS FOR SEWAGE PLANTS 
7. Produces crystal clear water. 7. Clean, easy to handle. 


2. Gives better floc formation. 2. Dry feeds well or dissolves 


8B, Promotes better settling and longer filter readily for solution feeding. 
runs. 


3. Simple application. Requires 
Aids in reduction of tastes and odors. ee q 


only low cost feeding apparatus 


4. 
S. Has no chlorine demand. and minimum attention. 
6. 


Is a low cost coagulant. F. Clear, colorless effluents are 
7. Superior in tests against other coagulants. possible. 
§, High in quality. Its constant uniformity can be $. Sludge digests readily. 


depended upon. 
ia P 6. Treated digested sludge 


, dries quickly with minimum 

water experts as the best coagulant for removal of f od 
turbidity, color and bacteria from water ... and mee 
General Chemical Aluminum Sulfate is the outstand- 7. Chlorine consumption is 
ing choice the nation over. That’s because its high cut due to lower Gemand 
quality and constant uniformity have given it a time- a 3 
tested reputation for reliability among operating men of clarified sewage. 
in towns and cities all over America. 8. ¥Economical to use. 

Municipal officials in charge of sewage treatment also 
find that clarity of sewage effluent is easily obtainable 
with General Chemical Aluminum Sulfate for the many 
reasons outlined above. For your water and sewage 
disposal systems, specify General Chemical “Alum”— 
preferred by most American cities. 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
4O Rector Street, New York 6, N. Y. 


Offices: Albany e Atlanta e Baltimore e Birmingham e Boston 
Bridgeport e Buffalo e Charlotte e Chicago e Cleveland e Denver 
Detroit e Houston e Kansas City @ Los Angeles e Minneapolis 
New York e Philadelphia e Pittsburgh e Portland (Ore) 
Providence e San Francisco e Seattle e St. Louis e Wenatchee 

Yakima (Wash.) 
In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. FOR 


Aluminum Sulfate is almost universally accepted by 


PASC CREMICES 
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Cast iron pipe is on the move, 
in mounting volume, to cities 
and towns throughout Amer- 
ica. For needed improve- 
ments and extensions to such 
vital public services as water 
and sewerage systems. Water 
works and sanitation engi- 
neers prefer cast iron pipe be- 
cause of its record in the 


public service. For example, 


96% of all cast iron water 
mains (sizes 6-inch and up) 
installed in 25 representative 
cities since 1817 are still in 
service. This statement is 
based on a survey recently 
conducted by water works en- 
gineers. Cast Iron Pipe Re- 
search Association, T. F. 
Wolfe, Engineer, Peoples Gas 
Building, Chicago 3. 


CAST IRON PIPE 


SERVES i: OR CENTURIES 
LOOK FOR THIS MARK 


IT IDENTIFIES CAST IRON PIPE 
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Here’s what Mr. Norman Wagner, 


Superintendent of the Stamford, Conn. 
Sewage Treatment Plant reports . . . 


7 WERE RECENTLY CONDUCTED at the Stamford. Conn... 
Sewage Treatment Plant to measurethe effect of intensive 
mixing on scum formation in Dorr Digesters. A 50° dia. 
Primary Dorr Digester with a fixed steel dome was equipped 
with a draft tube and high-capacity circulating mixer 
arranged so that conditions within the tank could be ob- 
served. As typified by Mr. Wagner's comment. results were 
definite and conclusive: 


Vv... formation was positively eliminated. 


All scum was submerged by mixing action. 


Vc was rapid . . . 60 minutes to eliminate 


1 foot scum layer ...an hour and a half to turn 
over entire tank contents. 


V senso operation of the mixer was not 


required. 


Intermittent operation of the mixer main- 
tained a homogenous sludge mixture. 


The draft tube and circulating mixer demon- 
strated at Stamford are now standard on Dorr 
Type M and MA Digesters. Several installations 


featuring this new development are now being 
made ... one of which comprises 18 110° dia. 
units. each equipped with 3 mixers. A Dorr 
engineer will gladly furnish more detailed infor- 


mation on this new and proven development 


OS 
THE DORR COMPANY, ENGINEERS 
570 LEXINGTON AVE, NEW YORK 22, N.Y. 
ATLANTA © TORONTO «+ CHICAGO 
DENVER + LOS ANGELES 
RESEARCH AND TESTING LABORATORIES 
‘WESTPORT, CONN. 


— SUGAR PROCESSING 
E PETREE & DORR DIVISION, NEW YORK 22,N. Y. 


q é ASSOCIATES AND REPRESENTATIVES 


‘ Dorr Technicol Services and Equipment Are Also 


1 Availoble Through Associoted Companies and Rep- 


. Names ond Addresses on Request. 
3 
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SEWAGE DISPOSAL PROGRAM OF THE ALLEGHENY 
COUNTY SANITARY AUTHORITY * 
By J. F. Lasoon 


Chairman of the Board and Chief Engineer, Allegheny County Sanitary Authority, 
Pittsburgh, Pa. 


Pittsburgh, as the center of 102 par- 
ticipating municipalities, has finally 
taken definite action toward stream 
pollution abatement, thus to separate 
itself from the few remaining metro- 
politan eenters which are not treating 
their sewage. 

In 1943 a special committee compris- 
ing Major General Thomas M. Robins, 
Ralph E. Tarbett and Dr. Abel Wol- 
man made a study of pollution of the 
Ohio River for the Acting Secretary of 
War, and reported as follows on con- 
ditions in the Pittsburgh area: 


“The organie waste load reaching the 
Ohio River from Pittsburgh and its sub 
urbs has a_ population equivalent of 
1,334,300 of which 597,200 discharge to the 
Allegheny, 458,500 discharge to the Monon- 
gahela and 278,600 discharge to the Ohio 
River direct. When the residual organie 
waste load from population equivalents of 
917,200 in the upper Allegheny River and 
796,200 in the upper Monongahela River 
is added to that from Pittsburgh and its 
suburbs, it becomes apparent that the con- 
centration of organie waste below Pitts- 
burgh is larger than that below any other 
community on the Ohio River proper. Ad- 
ditional pollution of significance includes 
1,032,000 tons per year of acid waste (cal- 
cium earbonate equivalent) which flows 
from the area adjacent to and above Pitts- 
burgh. 

“The normal bacterial effect of untreated 
human wastes apparently is masked by 

* Presented at the Twentieth Annual Con- 
ference, Pennsylvania Sewage and Industrial 
Wastes Assn., State College, August 25-27, 
1948. 


acid pollution of the upper Ohio River. 
However, coliform bacteria counts at Ems- 
worth Dam, six river miles below Pitts- 
burgh, varied from less than one to as-high 
as S11 per milliliter in 39 samples colleeted 
trom September 1940 to March 1941. The 
median count was 52 and the average 94 
per milliliter. Ten ver cent of the samples 
had coliform bacteria counts in excess of 
200 per milliliter. Water of this quality 
is unsuitable for domestic water supply and 
definitely dangerous for bathing purposes. 

“Partial oxygen depletion, denoting un- 
satisfactory sanitary conditions, was noted 
below Pittsburgh in October 1940. On the 
days of maximum oxygen depletion flows 
average four times as large as the mini- 
mum flows of record.” 


In the upper Ohio River basin, which 
includes the Pittsburgh area, the re- 
port stated that : 


“Free acid in waste pickle liquor dis- 
charged by metallurgical industries adds 
about 2.5 per cent to the mine acid load.” 


The measurable annual damage from 
corrosion and injury to water supplies 
due to acid mine drainage as of 1940 
to users of the Ohio River and _ its 
tributaries above the Ohio-West Vir- 
ginia-Pennsylvania state line was over 
$2,000,000, and the intangible dam- 
ages are probably equal to the tangible 
damages, according to the above re- 
port. It was also estimated that it 
would cost approximately $3,060,000 to 
complete the mine-sealing program in 
the Allegheny and Monongahela River 
basins in accordance with the 1940 re- 
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strictions, and that the annual cost of 
maintaining the completed works 
would be less than 14 of 1 cent per ton 
of coal produced. 

In the Authority service area of 
Allegheny County, including the cities 
of New Kensington and Arnold in 
Westmoreland County, of the 31 wa- 
ter supply sourees serving the various 
communities, 15 take their water sup- 
ply wholly or partly from surface 
streams, 14 take their water supply 
from wells drilled in the vicinity of 
surface streams and five take their sup- 
ply wholly or partly from cribs lo- 
cated in the bottom of the river. How- 
ever, the water distribution agencies 
using these sources of supply totaled 


51 in 1945. 


Nature of Municipal Authorities Un- 
der the Pennsylvania Act 


The earlier Pennsylvania laws gov- 
erning the establishment of municipal 


authorities were supplanted by the re- 
codified Municipality Authorities Act 
of 1945, under which the Allegheny 
County Sanitary Authority was ere- 
ated. 

This Act makes Authorities public 
corporations having a life of 50 vears, 
and gives them broad and independent 
powers to acquire, construct and oper- 
ate projects of many kinds, including 
sewers treatment 
Authorities are empowered to borrow 


and sewage works. 
money and to issue bonds, but not to 
pledge the credit or taxing power of 
the State or of any municipality, the 
only seeurity for their bonds or other 
obligations being the revenue secured 
from the operation of their project. 
Rates and charges for the use of an 
Authority’s facilities are fixed exclu 
sively by the Authority board, and the 
Publie Utility Commission has no au 
thority to interfere. Sueh rates and 
charges, must be reasonable 
and uniform, and are subject to the 
jurisdiction of the Pleas 
Court upon person 


however, 


Common 
appeal by any 
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questioning their reasonableness or 
uniformity. 

Authorities possess many of the ad- 
vantages and powers of municipalities, 
and are subject to similar restrictions. 
Authority property is not taxable, and 
Authority bonds are tax-free. Authori- 
ties have the power of eminent domain, 
but they may not operate any project 
in competition with an existing private 
enterprise. All contracts for labor or 
materials in exeess of $500 must be 
advertised and awarded to the lowest 
competent bidder. The Attorney Gen- 
eral of the Commonwealth has the right 
to examine the books, accounts and 
records of the Authority. 

The Authority under a 1947 Amend 
ment may construct lateral sewers and 
charge their cost to property owners 
on a front foot basis, upon agreement 
with any municipality. 


Outline of Studies 


The engineering activities of the 
Authority for the purposes of the ‘‘re- 
port phase’’ of its initial operations 
may be summed up as follows: 


(1) Measurement of the flow from 
the major sewers of Allegheny County. 

(2) Collection and analysis of sam- 
ples of sewage and industrial wastes 
from the measured sewer outlets. 

(3) Studies of the quantity and char- 
acter of the industrial wastes of the 
30 industries which are participating 
in the Authority program. 

(4) A study of each of the 51 water 
agencies supplying water to the 97 
municipalities and to the State and 
County institutions in Allegheny 
County and to New Kensington and 
Arnold in Westmoreland County, to 
determine the actual quantities of wa- 
ter sold as classified under domestic, 
commercial and industrial 
These data were used also in the de- 
sign of a rate schedule for 


usage. 


sewage 
service charges. 
(5) Collection and study of the plans 
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of sewerage systems of 101 munici- 
palities. 

(6) The determination of the leakage 
or infiltration into the sewer systems 
of the various municipalities. 

(7) A study of the sanitary char- 
acter of the main streams of Allegheny 
County. 

(8) Studies of the quantities of 
storm water which the intercepting 
sewer system would be designed to 
carry in addition to sewage and indus- 
trial wastes. 

(9) Preparation of preliminary de- 
signs to determine sizes and grades of 
intercepting sewers. 

(10) Determination of degree of 
treatment required at each of the sew- 
age treatment plants considered under 
the various projects. 

(11) Survey and study of sites and 
location of sewage treatment plants 
and sewage pumping stations under the 
various projects. 

(12) Preparation of preliminary de- 
signs of sewage treatment plants and 
sewage pumping stations. 

(13) Preparation of estimates of cost 
of the various projects. 

(14) Preparation of operating costs 
and annual burden of the various 
projects. 

(15) Study of the feasible plans for 
financing the Authority program. 

(16) Preparation and study of rate 
schedules for sewage service charges. 


Geography 

Allegheny County as of January, 
1948, is divided into 129 municipal 
subdivisions consisting of one second 
class city, three third class cities, 74 
boroughs, 22 first class townships and 
29 second class townships. The County 
comprises an area of 745 sq. mi., of 
which 420.5 sq. mi. are represented by 
the 101 participating municipalities, in- 
cluding the areas of the cities of New 
Kensington and Arnold in Westmore- 
land County. 

The Allegheny River above the Point 
has its source in Pennsylvania and 
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New York and has a total drainage 
area of 11,733 sq. mi., with a minimum 
dry weather flow in 1930 of 550 c.f.s. 
The maximum flow in the flood of 1936 
was 365,000 c.f.s. 

The Monongahela River, with its 
source in West Virginia, has a total 
drainage area including the Youghio- 
gheny of 7,384 square miles. The 
minimum dry weather flow in 1930 was 
150 ¢.f.s. and the maximum in 1936 was 
201,000 c¢.f.s. 

The Ohio River above Sewickley 
Creek on the west border of Allegheny 
County has a total drainage area of 
19,500 sq. mi., with a minimum flow 
of 815 ¢.f.s. and a maximum flow in 
1936 of 574,000 e.f.s. 

Industries of the County consist 
principally of those related to steel 
and coal. The great deposits of coal 
are the source of acid mine wastes 
which, according to the 1948 Report 
of the U. S. Public Health Service on 
Ohio River Pollution Control amounted 
to more than 7,000,000 Ib. daily (as 
caleium carbonate) for the Allegheny 
and Monongahela River drainage bas- 
ins before mine-sealing operations were 
started. The mine-sealing operations 
removed a little more than 1,600,000 
Ib. of acid daily. The same report 
states that it is economical to remove 
by sealing an additional 2,000,000 Ib. 
daily. The masking effect of these acid 
wastes on organic pollution has served 
up to now to inhibit putrefaction and 
to prevent what could be the most 
odoriferous metropolitan center in the 
United States. The free acid load 
from pickle liquor (as calcium carbon- 
ate), according to the 1943 Report, 
amounted to approximately 170,000 lb. 
daily in the Allegheny and Mononga- 
hela River drainage basins. 


Population 


Population studies went back as far 
as 1790 and took into consideration 
the data made available by the U. S. 
Bureau of Census and other govern- 
mental and local agencies. The actual 
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Sommary of Quantities, Year 2000 


Total from 


esig 
Infiltra- Grand | Per Capita 
tion Total ae Flow 
m.g.d m.g.d.) tion, Year gal day 

2000 | 


Commer- 


Industrial Water 
m.g.d Supply 
(m.g.d.) 


Domest 
m.g.d 


m.g.d.) 
Monongahela | 30.877 17.860 12.151 60.888 30.640 91.528 837,300, 111 
Allegheny 29.221 21.231 19.699 70.151 25.644 95.795 687,000 139 
Ohio 18.563 7.183 8.254 34.000 | 24.491 58.491 522,400 112 


Totals 78.661 46.274 40.104 165.089 | 80.755 245.814' | 2,046,700 121 
Assumed as 250 m.g.d. for ultimate design. 


population of the County was forecast tion average 18,600 gal. per mile of 
to the vear 2000, resulting in an ulti- sewer per day. For purposes of in- 
mate population of 1,820,000. For de-  tereeptor capacity determinations a 
sign purposes, however, the population value of 25,000 gal. per mile per day 
for the year 2000 was assumed to be was assumed for the entire service 
2,000,000. area (Table IT). 
The population in this in 
area, as Well as elsewhere in the United | TABLE II.—Analysis of 24-Hour Composite 
States, has been declining steadily in Samples Computed from Data Collected 
terms of persons per family. In 1910, at 32 Sewers 
the persons per dwelling unit were Average flow (m.g.d. . 60.361 
5.03, in contrast to 3.77 as of 1947. Days sampled 1. Gat 
pH... 
Quantities of Sewage Alkalinity ‘as C al Oy (p. p. m. - 
A representative group of 35 loca- Phenolphthalein. es 4. ome 
tions was selected for installation of Chlorides as Cl (p.p.m.) 69 
Suspended solids (p.p.m. 
weirs, which total a presently-served Total. 
population of 678,000 and a dry weather Volatile 175 
sewage flow of 64,400,000 gal. daily. Fixed 61 
These weirs represented 26 drain-  . Per cent volatile 
5-Day B.O.D. (p.p.m. 226 
age districts out of a total of 59. 
The weirings gave a weighted average Total. . 26.2 
of dry weather flow of 95 g.e.d. This Organic “(by difference 13.0 
was increased to 102 g.e.d. with the _NHbg...... 13.2 
inclusion of presently acceptable and (P-P-™- 
anticipated industrial wastes as of the 
vear 1965, the initial design provi- 
sions for sewage treatment. Increased 
industrial and commercial develop- 
ment and greater domestic usage of 
water for garbage grinding units and 
other household developments — in- Sewage was collected from each of 
ereased the estimated daily flow for the weiring points at intervals of 15 
the year 2000 to 121 gal. per capita. min. throughout the 24 hours of the 
Table I gives a breakdown of these day for a period of 7 days or longer. 
quantities for the vear 2000. Weighted composites were made up 
Infiltration was determined aecu- on a basis of three 8-hour periods of 
rately by a comparison of water usage the day, as well as for a 24-hour day, 
and sewage flow in both dry weather thus permitting check determina- 
and wet weather. Measured infiltra- tions. A complete sanitary analysis 


The total population served by sew- 
ers in Allegheny County was 1,342,000 
in 1945. 


Character of Sewage 
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was made of each sample including 
grease and iron determinations. All 
samples were analyzed in duplicate. 

A calculated composite was pre- 
pared using the analytical results of 
the samples obtained from weiring 
points and adding thereto the known 
industrial wastes of the 30 large in- 
dustries which were investigated and 
reported on by the Authority, as well 
as the assumed values of all other 
wastes known to be located in the 
respective drainage districts. The re- 
sults of the caleulated composite pro- 
duced a weighed value of 259 p.p.m. 
of suspended solids and 287 p.p.m. of 
biochemical oxygen demand. For the 
purposes of the report these results 
were rounded out to 275 p.p.m. of 
suspended solids and 300 p.p.m. of 
B.O.D. Table If summarizes the re- 
sults of the composite analysis. 


Industrial Wastes 


As a matter of policy the Authority 
has adopted the plan of accepting for 
collection and treatment all industrial 
wastes which are found to be of a 
nature which will not affect adversely 
the structures nor the proposed treat- 
ment processes. It is obvious that the 
greater the amount of domestie sew- 
age available for dilution purposes 
the greater the quantities of indus- 
tiial wastes that can be aecepted and 
neutralized as a result. Therefore, 
the larger the sewage treatment plant 
capacity the greater the quantities of 
industrial wastes that can be accepted 
for treatment. A detailed study of 
the sale of water by the 51 water 
service agencies of Allegheny County 
developed that the commercial and 
industrial usage of water amounted 
to approximately 60 per cent of the 
total water sales and, therefore, com- 
mercial and industrial sewage quanti- 
ties become quite important from the 
standpoint of facilities which must be 
provided by the Authority for their 
collection and treatment. 

From the beginning it was quite 
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obvious that not all industrial wastes 
could be accepted for treatment. The 
large quantities of acid iron wastes, 
mineral oils, acids and inhibitive ma- 
terials such as copper, nickel, vana- 
dium, chromium and eyanide required 
a careful determination of not only ae- 
ceptable quantities but also the estab- 
lishment of definite policies with re- 
gard to their rejection. 

It was finally econeluded that acid- 
iron wastes would be prohibited to 
avoid discrimination because of the 
large quantities involved and the lim- 
ited quantities which could be ae- 
cepted for treatment with secondary 
biological treatment processes. Under 
the Pure Streams Act only those in- 
dustries as discharged their wastes di- 
rectly into the streams of the Com- 
monwealth are subject to the Act and 
the orders of the State Sanitary Wa- 
ter Board. All industries which main- 
tain connections with municipal sewer 
systems become the responsibility of 
the respective municipality. The lat- 
ter can legislate by ordinance for con- 
trol of such industrial wastes. Under 
this Aet, the State issued orders to 
more than 90 industrial plants in the 
Pittsburgh area, many of which were 
eases involving the discharge of sani- 
tary sewage into the streams, and 
therefore, could be solved simply by 
connection with the nearest municipal 
sewer. Others, however, had mueh 
more difficult problems involving both 
sewage and industrial wastes. The 
Sanitary Authority contracted with 
30 industries falling in the latter cate- 
gory to determine the quantity and 
character of industrial wastes and the 
cost of treatment should such wastes 
be found acceptable for collection and 
treatment in the Authority facilities. 
Matters of engineering concern were 
left to the consulting engineers. 

As the result of its comprehensive 
study of industrial wastes, the Au- 
thority has provided in its estimates 
for the collection and treatment of 
30 m.g.d. of industrial wastes in the 
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year 1965 and 40 m.g.d. in the year 
2000. 

Industrial wastes possessing char- 
acteristics which impose loads greater 
than the average organic pollution or 
sludge quantities expected at the 
sewage treatment works impose addi- 
tional costs for treatment and some- 
times for collection services and, there- 
fore, many municipalities have ad- 
opted the policy of making an extra 
charge for handling industrial wastes 
as measured by the extra cost of treat- 
ment and disposal. Usually a measure 
of this cost is determined by the ex- 
cessive B.O.D., suspended solids, the 
pH and the chlorine demand of the 
particular industrial waste. The Sani- 
tary Authority has decided to make 
a charge for excessive concentrations 
of industrial wastes accordingly. 

The adopted limits of concentration 
for toxic and deleterious wastes in the 
composite sewage as it enters the plant 
for treatment are given in Table III. 


TABLE III. 
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Ground Garbage Wastes 


The study of this problem revealed 
that more than 600 home grinding 
units for garbage disposal have al- 
ready been installed through the metro- 
politan area and that an anticipated 
1,000 additional units will be installed 
during 1948. 

Garbage is being successfully dis- 
posed of in conjunction with sewage 
in municipal sewage treatment plants 
and, therefore, it has been coneluded 
that even though the installation of 
home garbage grinding units may pro- 
ceed in great numbers over future 
years, the only problem facing the 
designers is the provision of sufficient 
capacities in the collecting system for 
the additional quantities of water ac- 
companying the ground garbage and 
the additional construetion necessary 
for enlarged sludge treatment and 
disposal facilities. 


River Surveys 
River surveys were conducted in 
the low water periods of 1946 and 


Concentration Limits for Toxic and Deleterious Wastes 


In Composite Sewage Of Treatment Plant Influent ! 


Primary Treatment 


No Sludge 
Digestion 


pH Index 


Total iron (p.p.m.) 


Copper (p.p.m.) 
Chromium (p.p.m.) 
Cyanide (p.p.m.) 


Oils—mineral 


Oils soluble 


Combustibles, ete. 


Free mineral acids 


Acetylene generation sludge 
These 


Removed to maximum practicable extent before discharge. 


Should be excluded by municipal ordinances. 


Should be neutralized at source. 


Secondary Treatment 


Sludge Digestion Single Plant Several Plants 


Should be excluded by municipal ordinances. 


Should be excluded by municipal ordinances. 


limits are based on their effect on treatment and on the stream receiving the effluent. 
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1947 with a view to determining the 
ability of the large streams in the 
metropolitan area to dispose of sew- 
age and industrial wastes by dilution ; 
also to determine the re-oxygenating 
properties of the streams and, finally, 
to determine what degree of treatment 
was necessary to maintain a proper 
oxygen balance in the streams result- 
ing from the discharge of large quan- 
tities of treated sewage at one or more 
points. In 1947 additional surveys of 
the streams were made to determine 
the general prevalence and nature of 
sludge beds on the bottom of the 
streams. 

Aside from the great use being made 
of the streams in this area for naviga- 
tion purposes, the most important use 
of these streams is as a source of water 
supply for this great metropolitan 
area. It is not an exaggeration to 
state that the streams in the Pitts- 
burgh district are being used as open 
sewers for the discharge of municipal 
sewage, industrial wastes and acid 
mine drainage, from which the water 
supplies generally are taken. 

The most important water supplies 
in the Pittsburgh area are taken from 
these streams. The city of Pittsburgh 
takes its water supply from the Alleg- 
heny River at Aspinwall. Notrona, 
Brackenridge, Tarentum and sur- 
rounding communities do likewise, ex- 
cept that they are located farther up- 
stream. New Kensington, Arnold, 
Oakmont and Wilkinsburg are also in 
the same category. The boroughs of 
the South Hills and a portion of the 
city of Pittsburgh, with some others, 
are served by the South Pittsburgh 
Water Company, which takes its sup- 
ply from the seriously polluted Mo- 
nongahela—also a source of water sup- 
ply for Braddock, McKeesport, Glass- 
port and other upriver communities. 

Some of the municipalities upstream 
and downstream take their supplies 
from wells and eribs loeated in the 
rivers and are not completely free 
from danger of pollution. On the Ohio 
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below the Pennsylvania state line, 
practically all the large communities 
take their supply of water from the 
river. 

Industries also use the streams as a 
source of water supply and are re- 
quired to spend large sums of money 
for treatment to produce satisfactory 
water for their operations. 

A study was made of the Ohio, 
Allegheny, Monongahela and Yough- 
iogheny Rivers to determine the ef- 
fect of existing pollution on the oxy- 
gen content of the streams as they 
traverse the County. One set of 186 
samples was taken in 1946 and an- 
other of 347 samples in 1947 during 
low water periods. Samples of river 
water were collected and analyzed for 
acid and/or alkalinity, pH, tempera- 
ture, iron, manganese and organic pol- 
lution as measured by B.O.D. Com- 
plete chemical and sanitary analyses 
were performed on 129 of the samples 
taken in 1946. 

Sludge samples were collected from 
the beds of the Ohio, Allegheny and 
Monongahela Rivers in 1947 and ana- 
lyzed for volatile matter and iron. 

Figure 1 shows the results of the 
dissolved oxygen tests on the three 
main streams in per cent of satura- 
tion. The river flows in e.f.s. during 
the period of testing were as follows: 


Allegheny 


" | 
Monongahela 
River River Ohio River 


1946 | 1470-2050 | 703-1130 | 2450-3450 
1947 | 1540-2860 1250-2700 3240-6170 


Volatile matter in the sludge sam- 
ples from the three main streams 
ranged from 11 to 25 per cent. Iron 
ranged from 3 to 15 per cent. 


Degree of Treatment Required 


Orders of the State Sanitary Water 
Board to the various municipalities in 
the Authority service area were var- 
ied in regard to the degree of treat- 
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FIGURE 1.—Oxygen saturation in streams in Pittsburgh area, 1946 and 1947. 


ment required, this being dependent 
upon the local condition of the 
streams. But in general, for the com- 
munities in this area loeated on the 
large rivers, the orders require pri- 
mary treatment of the sewage dis- 
charging from the sewer systems, and 
specifically the following: 


“Primary treatment shall be construed to 
be such as in the opinion of the Sanitary 
Water Board will remove practically all 
of the settleable solids; will remove at least 
35% of the organic pollution as measured 
hy the biochemical oxygen demand test; 
will provide effective disinfection where 
control producing 
germs; will provide satisfactory disposal of 
sludge; and will produce an effluent that is 
suitable for into the receiving 
stream.” 


The Ohio River Committee 
pointed by the Secretaries of War and 
of the Treasury, reporting in 1948 on 
Ohio River pollution control, made 
the following statement: 


necessary to disease 


discharge 


“Primary treatment chlorination 
would be adequate for all municipal sewage 
from the Pittsburgh area. All or most of 


the wastes entering the streams in this re 
gion could be most economically treated at 
a large plant on the Ohio River.” 


The 19438 


Report of 
States Public Health Service on Ohio 
River Pollution Control arrived at the 
following conclusion with respect to 
degree of treatment required: 


the United 


“It is not necessary, nor would it be eco- 
nomically justified, to provide complete 
treatment for all sewage. The capacity of 
streams to purify themselves is a valuable 
upd usable asset. The necessary degree ot 
treatment depends on the self-purification 
capacity of the stream or streams involved 
and the necessary standard of water qual- 
itv to avoid undue interference with normal 
water uses.” 

Studies were made of the degree of 
treatment required for the various 
projects involving one or more treat- 
ment plants, and the approximate de- 
eree of treatment was established for 
the individual plants under the vari- 
ous projects according to the cireum- 
stances. 

The Authority 


consulting 


engineers and the 


engineers, after giving 
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proper study to the technical findings 
and to annual costs of debt service 
and operation, have concluded that a 
central plant located on the Ohio River 
is in their judgment the best plan, 
and that primary treatment and pre- 
aeration with chlorination during 
critical low water periods is sufficient 
for the present. However, in order 
to accomplish a satisfactory condition 
in the Ohio River in the mixture of 
the river water with the treatment 
plant effluent so that the mixture shall 
contain sufficient oxygen to prevent 
nuisance, it is proposed to operate 
continuously the preaeration  treat- 
ment preceding the sedimentation 
tanks so as to produce at least a 40 
per cent reduction of the organie pol- 
lution as measured by B. O. D. 

An additional reduction of organic 
pollution will be secured by the ap- 
plication of chlorine during periods 
of critically low flow in the river. 
The combination of preaeration, sedi- 
mentation chlorination may 
safely be assumed to provide a total 
reduction of not less than 50 per cent 
of the organic pollution in the raw 
sewage. 

A 50 per cent removal would re- 
duce the B.O.D. to a value of ap- 
proximately 150 p.p.m., and for prop- 
er dilution with the river waters of 
the Ohio, the required river flow is a 
minimum of 3,500 ¢.f.s. According to 
the U. S. Engineer Office river records, 
such dilution is available in the Ohio 
at the point of proposed effluent dis- 
charge 98 per cent of the total time 
with present low water regulation by 
the flood control dams. 

Proper consideration was given to 
the possibilities of ‘‘Low Flow Regu- 
lation’’ and its effect on the require- 
ments of degree of treatment not only 
on the basis of existing installations 
but also of the projected installations. 
The findings are well expressed in the 
1943 report of the U. S. Publie Health 
Service on Ohio River Pollution Con- 
trol, as follows: 
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“Untreated municipal sewage may cause 
nuisance conditions even though the flow of 
the receiving stream is quite large, because 
of floating solids, seum, grease, and the 
settling and subsequent decomposition of 
part of the suspended matter with «ecom- 
panying odors. Hence, low-flow regula- 
tion is not a substitute for sewage treat- 
ment but an effective supplement which 
can be used to eliminate the need for more 
than primary treatment and to improve 
stream quality where satisfactory complete 
treatment methods are not available at 
present.” 


Even though all organic pollution 
and all industrial wastes were to be 
removed from the streams by treat- 
ment, however, fish and other aqueous 
life will not return and the use of 
the streams for recreation will not be 
possible in an appreciable degree un- 
less acid mine discharge is materially 
reduced. 

The Ohio River Committee ap- 
pointed by the Secretaries of War and 
the Treasury, reporting on Ohio River 
pollution eontrol in 1943, said: 


“Up to the present time, uncorrected mine 
acid pollution has served as a deterrent to 
organic pollution abatement activities. It 
is desirable that mine acid control and or- 
ganie pollution abatement be carried on as 
parallel programs since both measures are 
necessary if reasonable restoration of 
stream quality is to be obtained. A com- 
bined program of mine sealing and low 
flow regulation seems to offer the best solu- 
tion to the mine acid problem.” 


Intercepting Sewer System 


Studies involved 98 miles of main 
intercepting sewer system and 150 
miles of branch intercepting sewers. 
Of the total of over 248 miles of ulti- 
mate development of intercepting 
sewers, 156 miles have been included 
in the estimates for immediate con- 
struction. 

The difficulty of finding a satisfac- 
tory and not too costly design for the 
intercepting sewer system is quite ob- 
vious from a casual survey of the nar- 
row streets fronting the industrial 
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plants located along the streams and 
the built-up banks of the river through 
most of the entire length of the three 
main streams in Allegheny County. 
Studies finally developed a subaque- 
ous design for location of the larger 
part of the main interceptor system in 
the beds of the rivers, to the largest 
extent ever attempted. About 
miles of the main intercepting sewer 
are proposed for subaqueous construe- 
tion and 21 miles as foree main. The 
subaqueous construction was found to 
be $8,000,000 less costly than the land 
construction design consisting of tun- 
nel and open-cut construction. The 
recommended project includes 12 in- 
verted siphons, 10 of which are on 
combination outfall sewer connections 
and river crossings to the main inter- 
ceptor. 

Interceptor capacities are predi- 
eated on a rational development of 
storm flow interception plus the maxi- 
mum sewage flow determined for the 
highest quarter of the year of water 
usage plus infiltration. A thesis was 
developed, predicated on inter- 
ception of 250 per cent of average 
flow, and with provision of such con- 
trol as would cut back the peak storm 
flow, when it reaches 250 per cent, to 
a predetermined maximum hourly dry 
weather rate of flow, then continuing 
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at such rate until the flow 
turned to normal. 

A sewage hydrograph was prepared 
for each day of the average week for 
the inflow to the central treatment 
plant as of the vear 1965, and it indi- 
eated a peak of 125 per cent of the 
average flow for the average week 
(Figure 2). 

Storm water hydrographs for the 
inflow to the central sewage treatment 
plant produced a peak of 154 per cent 
of the average dry weather flow in- 
volving 12 hours of elapsed time be- 
tween the farthest interception and 
the sewage treatment plant (Figure 
3). 

It is proposed to provide electri- 
cally operated gates with remote con- 
trol located at the sewage treatment 
plant for regulation of the largest and 
most important outfalls during storm 
flows. 

The storm flow interception thesis 
indicates that no more than 1.5 per 
cent of the total annual sewage flow 
will be discharged untreated into the 
rivers as a result of overflow. 


re- 


Design Considerations for Sewage 
Treatment Plant 


Studies of the types and number of 


sewage treatment plants have been 


Peck Flop 358.4 cfs or !25% of Average 


FIGURE 2.—Hydrograph of total sewage flow to plant, 1965 conditions. 
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| @ssumed general rain storting at 10:00 

AM with all Dosins reaching flow of 


250% of the dry weather ae at noon 


Time of flow from furthest 
drainage bosin to central plant 
about 12 hours 


STORM WATER STUDY | 
TOTAL INFLOW 


1 


AT CENTRAL PLANT 


FIGURE 3.—Storm water hydrograph; 


predicated on the following considera- 
tions: 


(1) The Sanitary Water Board’s 
requirements. 

2) Odorless operation. 

(3) Effect on stream of plant efflu- 
ent discharge. 

(4) Economy 
operation. 

(5) Available sites. 


of construetion and 


The capacities of the sewage treat- 
ment plants to accord with the require- 
ments of the individual plants under 
the four projects were given full con- 
sideration with respect to economic 
and other advantages. Partial or con- 
plete treatment was provided under 
the various projects as required by the 
conditions of the stream into which 
the effluent is to be discharged. 

The average flow for 1965 was caleu- 
lated to be 175 m.g.d., and for the 
year 2000, 250 m.g.d. 

Primary treatment provided where- 
ever required consisted of a design 
which included a main pumping sta- 
tion, coarse sereens, grit chambers, 


Allegheny County Sanitary Authority. 


fine screens, comminutors, grit storage 
and incineration, preaeration, pri- 
mary settling, skimming, chlorination, 
sludge digestion, elutriation, dewater- 
ing, sludge incineration, ash disposal 
and power generation from sludge 
gas. This type of plant will produce 
an effluent which will meet the re- 
quired standards of the Sanitary Wa- 
ter Board and permit of discharge 
into low flows of the Ohio River with- 
out resultant nuisance. 

A special study was made at the Ash- 
land, Ohio, sewage treatment plant to 
develop the advantages and _possibili- 
ties of incineration of wet sludge, 
thus eliminating sludge digestion, gas 
collection, power generation, elutria- 
tion and dewatering. The Ashland 
tests were satisfactory and gave in- 
creased hope for future development 
of this idea in a large plant, but until 
furnace equipment manufacturers de- 
velop incinerators which they econ- 
sider satisfactory for such services, 
it was concluded that sludge digestion, 
gas collection, power generation, elu- 
triation and dewatering be included 
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in the proposed plant design for the 
present. 

Sconomie studies were made of 
sludge disposal and power generation 
for the central treatment plant and 
for those individual treatment plants 
under the various projects as were 
sufficiently large to be affected by 
such economic factors. Studies indi- 
cated that complete digestion with 
sludge gas collection and power gen- 
eration by means of dual fuel en- 
vines produced an over-all saving as 
compared with the purchase of power 
and heat requirements. 

The site selected for the central 
treatment plant is sufficiently large to 
permit of extensions and the develop- 
ment of secondary treatment for the 
ultimate requirements of the year 
2000. Figures 4 and 5 show a plan 
of the proposed treatment 
plant and the flow diagram, respec- 
tively, for the central plant project. 


sewage 


Sludge Fertilizer 


The Authority engineers are recom- 
mending the construction of a sewage 
treatment plant which would include 
complete digestion and incineration of 
sludge, but would provide means 
whereby the dewatered sludge filter 
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cake may be made conveniently re- 
movable for use as a humus fertilizer 
by those who desire to take it. Should 
this sludge filter cake become highly 
popular, some revenue may be ob- 
tained from its sale at a nominal 
price, but it has been coneluded that 
special processing of sludge fertilizer 
to compete with ‘‘Milorganite’’ is un- 
profitable and inadvisable. 

Manufacture and sale of prepared 
fertilizer produced from sewage 
sludge may be said to be considered 
more of an attempt to reduce the over- 
all cost of sludge disposal rather than 
a profitable enterprise. 


Outline of Alternate Projects 


Complete studies were made of four 
projects involving one, three, five and 
eleven sewage treatment plants, with 
corresponding design and location of 
sewage pumping and sewage lift sta- 
tions. 


Project No. 1 


Comprises a single central sewage 
treatment plant serving the entire Au- 
thority service area (Figure 6) with 
the exception of a small sewage treat- 
ment plant which is to be built at 
Buena Vista on the upper Youghio- 


FIGURE 4.—Layout of proposed central sewage treatment plant. 
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ELUTRIATE 


SUPERNATANT 
OVERFLOW GASH 


HOLDERS 


Gas 


Low PRESSURE Gas 


FILTRATE 


CIRCULATING HOT WATER TO HEAT EXCHANGERS 


FIGURE 5.—Flow diagram of proposed central sewage treatment plant. 


gheny River when conditions warrant. 
This project involves 14 sewage pump- 
ing stations, including the main pump- 
ing station at the treatment plant. 


Project No. 2 

Comprises three sewage treatment 
plants and 15 sewage pumping sta- 
tions, including the main station lo- 


cated at the treatment plant, with cor- 
responding intercepting sewer design. 


Project No. 3 


Comprises 5 sewage treatment plants 
and 16 sewage pumping stations, in- 
cluding a main pumping station at each 
of the treatment plants, with corre- 
sponding intercepting sewer system de- 
sign. 


Project No. 4 
Comprises 11 sewage treatment 
plants and 19 sewage pumping sta- 


tions, including a main pumping sta- 
tion at each of the treatment plants. 


Cost Estimates 


Preliminary designs and cost esti- 
mates were prepared for each of the 
projects for purposes of comparison. 
Prices for construction work could not 
be forecast into the future with any 


degree of safety or reliance. Cost 
estimates were prepared, therefore, on 
the basis of July, 1947 price levels ac- 
cording to the Engineering News-Rec- 
ord Construction and Building Cost 
Indexes. Operating costs likewise 
were prepared on a basis of wages 
prevailing in July, 1947. 

Table IV shows the total costs of 
the four projects as based on a sub- 
aqueous construction design of the 
main intercepting sewer, where appli- 
cable. 

Proper values were applied for re- 
newals and repairs as annual operat- 
ing charges for the various parts of 
the projects; thus giving a true meas- 
ure of the annual burden, which in- 
cludes also operating expenses, inter- 
est payments and debt retirement in- 
crements. 


Choice of Project 


The choice of a project is predicated 
not only on costs of construetion and 
annual burden, but also on sound en- 
vineering merit and other intangible 
values. 

The total project cost and annual 
burden studies indicate that the an- 
nual cost of Project No. 3, with five 
sewage treatment plants, is $143,000 
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TABLE IV.—Comparison of Cost Estimates for Initial Program 
of Sewage Collection and Treatment Alternates 


‘ I Project No. 1 | Project No. 2 | Project No. 3 | Project No. 4 
—_ Central Plant | Three Plants | Five Plants | Eleven Plants 
Construction Cost (Incl. Contingencies | 
and Overhead) 
Intercepting Sewers: | 
On Four Principal Rivers $51,002,000 | $43,439,000 | $41,012,000 | $41,711,000 
On Branch Streams 9,311,000 9,311,000 8,808,000 5,957,000 
Revision of Old Regulators 182,000 182,000 182,000 182,000 
Total Interceptors $60,495,000 | $52,932,000 $50,002,000 | $47,850,000 
Sewage Treatment Plants and Pumping 
Stations: | | 
Sewage Treatment Plants $13,845,000 | $16,578,000 | $16,786,000 | $19,244,000 
Treatment Plant Pumping Stations 2,730,000 2,971,000 | 3,875,000 4,539,000 
Separate Pumping Stations 3,982,000 3,111,000 | 1,863,000 1,582,000 
Total Plants and Stations $20,557,000 | $22,660,000 | $22,524,000 | $25,365,000 
Total Construction Cost | $81,052,000 | $75,592,000 | 872,526,000 | $73,215,000 
Land and Rights-of-Way $ 530,000 | $ 1,085,000 $ 1,173,000 | $ 1,230,000 
Prior Loans and Interest $ 418,000}$ 418,000 | $ 418,000 
Total Project Cost | $82,000,000 | $77,095,000 | $74,117,000 | $74,863,000 
less than Project No. 1, and that Proj- Revenue and Rate Studies 
ect No. 2, with three sewage treatment The requirement of the Municipality 
plants, is $26,000 per year less costly Authorities Act that rates shall be 
pee Project No. 1. Project No. 4 is ‘reasonable and uniform”’ has been in- 
$127,000 aneee costly annually than terpreted to mean that the rates shall 
Project No. 1. The decision of the he uniform by class. As a matter of 
Authority engincers and Board and its policy the Authority has adopted rates 
consulting engineer has been that the to be applied uniformly to all muni- 
merits and intangible values of Proj-  gipalities participating in the Author- 
ect No. 1 outweigh the caleulated eco- ity program regardless of their location 
nomic advantages of Projects Nos. 2 and the actual cost of providing such 
_ and 3 sufficiently to warrant the adop- service. This follows a general pattern 
tion of Project No. 1 with a central set by electric and was utilities and in 
sewage treatment plant located on the most eases by water utilities where 
. Ohio River. A number of reasons for yates are uniform throughout the re- 


this decision and recommendation 
would include (1) fewer plants; (2) 
more efficient absorption and treatment 
of greater quantities of industrial 
wastes; (3) the freeing of the Pitts- 
burgh harbor of sewage and industrial 
wastes as are transported to a central 
treatment plant farther downstream; 
(4) reduced peak loads; and (5) more 
efficient supervision by technical staff. 


spective service areas in metropolitan 
districts. 

Revenues must be sufficient to meet 
the annual burden and must be col- 
lectable to satisfy the bond buyer. The 
Allegheny County Sanitary Authority 
program is the largest sewage works 
project ever attempted for financing 
exclusively by means of revenue bonds, 
and therefore required considerable 


| 
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study and consultation with financial 
interests to determine the conditions 
under which the bond issue to cover a 
project of this magnitude could be 
financed at a reasonably low rate of 
interest. 

In evolving the rate schedule, it was 
found that a graduated seale of charges 
was the most equitable form, predi- 
cated on actual cost of services to eaeh 
class of water user on the basis of sew- 
age services. <A ecaleulation of the ae- 
tual cost of revenue services to large 
users of the Authority system, based 
on a rational determination, produced 
a low rate of 7¢ per thousand gallons. 
In this determination due consideration 
was given to billing and collecting 
charges, infiltration, maintenance and 
operation of the Authority facilities 
under the various eonditions. 

The rates finally recommended to 
meet the annual burden of $4,869,000 
under the recommended method of fi 
naneing are as follows: 

The first 100,000 gallons per quarter @ 18¢ 
per 1,000 gallons. 

The next 1,000,000 gallons per quarter @ 12¢ 
per 1,000 gallons, 

The next 2,250,000 gallons per quarter @ 09¢ 
per 1,000 gallons, 

For all over 3,350,000 gallons per quarter @ 
07¢ per 1,000 gallons. 


Methods of Financing 


Many studies were made of the vari 
ous methods of financing the project 
under the Municipality Authorities 
Act. The report finally limited the 
financing possibilities to seven meth- 
ods, four of which are possible under 
existing legislation and three requiring 
implementing legislation to produce 
the most economical results. 
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The method finally recommended in- 
volved proper agreements with munici- 
palities for finaneing the program by 
means of partial sewage charges initi- 
ated promptly for the purposes of fi- 
naneing the cost of preparation of 
detailed plans and specifications, and 
continuing through the construction pe- 
riod in a measure according to finan- 
cial requirements. 
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ALLEGHENY COUNTY SANITARY AUTHORITY—A DISCUSSION 


By Euuts E. BANKSON 


Managing Engineer, Allegheny County Sanitary Authority, Pittsburgh, Pa. 


Following the broad picture of the 
Allegheny County project presented by 
Colonel Laboon, this discussion will 
touch upon the problem of financial 
matters and of the rate structure for 
sewer rentals. 

The financial problem is, first, the 
favorable sale of sufficient bonds to 
meet all capital costs and, second, to 
establish a schedule of rates or charges 
for sewage works service that will pro- 
duce enough revenue to cover the en- 
tire annual burden of debt service, 
operating costs, and administration ex- 
penses. The question of rate structure 
is that of equity between the several 
classes of customers. 

The only type of bond which can be 
sold by a Municipal Authority in Penn- 
sylvania is that of a revenue bond, 


which permits the pledge of only the 
revenues from such service operations 
as may apply and does not permit a 
pledge of the utility property, in the 
form of a mortgage, or of the munici- 


pality taxing power. Thus, it is the 
revenue of the Authority that consti- 
tutes the vital link with its investors, 
wherein each and every money require- 
ment of such an Authority must be 
available, without fail, as operating 
revenues from the rate schedule. 

It is therefore necessary that a 100 
per cent revenue collection be assured 
and it is for this reason that the Au- 
thority recommended legislation to au- 
thorize the water shutoff privilege 
while the bond attorneys are proposing 
the alternate of a guarantee by the 
municipalities of all delinquent ac- 
counts by purchase of executed liens 
on the delinquent property. The cash 
results from property liens would be 
too slow for Authority finances, ex- 
cepting by an excessive rate schedule 
in the beginning. 

Regarding the type of schedule for 
sewer service rates or charges, we find 


in the Authority area some 50 types 
of water rate schedules which range all 
the way from $1.25 to 20¢ per thousand 
gallons as the top rate and from some- 
thing like 40¢ to 10¢ per thousand gal- 
lons as the bottom rate, in addition to 
flat rate charges for a third of Pitts- 
burgh, and a few other municipalities. 

Since the Municipality Authorities 
Act requires that rates be reasonable 
and uniform, it becomes evident that 
there can be no general relationship 
between these various water rates of 
the community and sewer rates of this 
Authority. Since there is available 
record of flat rate water fixtures to 
only a minor extent in the city and 
county, we would need develop all of 
that record for the adoption of any flat 
rate sewer revenue schedule, and we 
would look upon this as an antiquated 
type. The elimination of either a flat 
rate schedule or a percentage of the 
water charges leaves the one alternate 
of a schedule for sewer rates and 
charges on a quantity basis, for eus- 
tomer application. 

For a concrete picture of magnitude, 
let us assume for simplicity that the 
construction cost of the initial project 
would approximate $80,000,000 and 
that the debt service would approach 
4'% per cent from a 3 per cent interest 
rate and a 40-year bond maturity. 
This would mean an annual burden of 
about $5,000,000 from a debt service 
of some $3,650,000 and an annual op- 
perating cost of $1,350,000. The exact 
figure for each will depend on the 
method of final adoption. The finan- 
cial problem is divided, therefore, into 
two phases: (1) a bond issue for some 
$80,000,000 and (2) a uniform sched- 
ule of sewage charges which will pro- 
duce some $5,000,000 per vear from 
something over 100 municipalities, of 
which nearly 60 per cent will app'y 
within the city of Pittsburgh. 
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The question of equitable rates or 
charges against any sewer service is 
simply that of a uniform allocation 
from the aforesaid $5,000,000 per vear 
as between the individual customers of 
the Authority. 

By way of illustration, if we were 
to assume that an equivalent plant 
effluent of 73 billion gallons per year 
would cost $5,000,000, we would have 
an average unit cost of nearly 7¢ per 
thousand gallons, which 7¢ would ap- 
ply for ground water infiltration and 
for some factor of storm water capacity 
in the same manner as for customer 
sewage. We should then allocate these 
separate costs back to each customer 
class in proportion to the origin of such 
extra costs, from the properties of 
each customer class, after due allow- 
ance is made for special charges and 
quality costs. 

After deduction of special revenues 
and special costs, we find a remainder 
of quantity burden at $4,160,000 per 
year and ground water infiltration plus 
storm flow provision as equal to about 
% of the 73 billion gallons of annual 
load. The aforesaid annual quantity 
charge divided into the 73 billion gal- 
lons per year produces a cost of nearly 
5.7¢ for actual plant influent or efflu- 
ent, but this unit cost must 
earried back into the rate structure 
for application against the so-called 
revenue sewage that originates on the 
property of each customer- -before ad- 
dition of infiltration and storm water 
provision. 

Careful analysis for Allegheny 
County indicates 120 ¢.p.d. of domes. 
tie sewage, from a normal household, 
115 g.p.d. of ground water infiltration 
and 115 g.p.d. of storm water provision, 
or a total of 350 ¢.p.d. This 350 2.p.d. 
times 5.7¢ per thousand gallons. or less 
than 2¢ per dav for 120 e.p.d. of 
domestie sewage. means a rate of 16.6¢ 


now be 


per thousand gallons of sewage from 
such residential property (the 350 
¢.p.d. figure applies only for this item 
of cost allocation and not for design 
purposes). 

The cost allocation for quality treat- 
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ment of this sewage is computed at 
$690,000 per year for 36,500,000,000 
gal. of customer sewage, or less than 
1.9¢ per thousand gallons. The sum 
of 1.9¢ for quality cost, and the afore- 
said 16.6¢ for quantity cost, gives about 
18.5¢ per thousand gallons for the col- 
lection and treatment of residential 
sewage. 

In a similar manner we find the sew- 
age flow from nine office buildings in 
Pittsburgh to be about 326,500,000 gal. 
per year, which is serviced by only 
5220 lineal feet of sewer in the streets 
adjacent to those buildings. Out of 
these figures, we develop the ground 
water infiltration as only slightly over 
1 per cent of the water sales. The ad- 
dition of an equal amount for storm 
water capacity would show a charge 
against these buildings of only 
333,700,000 gal. per year. A combina- 
tion of quantity and quality costs, as 
above, would produce an annual cost 
of $25,224.40, or about 7.7¢ per thous- 
and gallons of the aforesaid revenue 
sewage. 

Thus we have a range of basis for 
an equitable rate schedule from 18.5¢ 
per thousand gallons for residental eus- 
tomers to 7¢ per thousand gallons for 
large quantities of commercial or in- 
dustrial use, as compared to the pro- 
posed range of the Authority schedule 
from 18¢ to 7é per thousand gallons 
of sewage originating on the customer 
property, which will show substantial 
equity in combination with minimum 
charge for a small quantity and a sur- 
charge for excess concentration. 

The illustration is sup- 
ported by careful over-all cost analysis 
by the Engineering Department, with 
the final result of an average cost allo- 
eation to each of the three representa- 
tive groups at 18¢, 10¢ and 8¢ per 
thousand gallons of sewage originating 
upon the property of each customer 
type, as domestic, commercial, or indus- 
trial. The entire range above or be- 
low these averages is covered by the 
step schedule proposed by the Author- 
ity report at 18¢, 12¢, 9¢ and 7¢ per 
thousand gallons, respectively, 
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SHOULD PREVAILING SEWER RENTAL RATES BE 
ADJUSTED? * 


By A. H. NILes 


Engineer-Superintendent, Division of Sewage Disposal, Toledo, Ohio 


Sewer rental in Ohio was made effee- 
tive June 30, 1923 through enactment 
by the State Legislature of Section 
3891-1 et seq. of the general code of 
Ohio. Prior to that time financing of 
sewage treatment plant construction 
was possible only by general obligation 
bonds, and operation funds were ap- 
propriated from the general fund. 

It took several years for more than 
a very few municipalities to use the 
new means for financing operation of 
their plants. In 1927 there were 81 
municipalities in Ohio with sewage 
treatment plants and only 4+ used sewer 
rental. By 1940, 88 out of 216 used 
sewer rental, with 19 making plant 
improvements financed in whole or in 
part from that fund. In 1948 the total 
number of municipalities having sew- 
age treatment plants had increased only 
10 per cent to 236, but the number 
using sewer rental had inereased 62 
per cent to 143. At the present time 45 
of the 143 municipalities are financing 
plant improvements in whole or in part 
from sewer rental charges; in addition 
several others are contemplating such 
a method. This is an indication of the 
present trend and interest in this sub- 
ject. 

The pertinent part of Section 3891-5 
is hereby quoted as follows: 


“~.. This fund shall be used for the 
payment of the cost of the management, 
maintenance, operation and repair of the 
sewerage system and sewage pumping, 
treatment and disposal works and any sur- 
plus in such fund may be used for the en- 


* Presented at 22nd Annual Meeting, Ohio 
Sewage and Industrial Wastes Treatment 
Conference, Dayton, June 23-25, 1948. 


largement or replacement of the same and 
for the payment of the interest on any debt 
incurred for the construction of said sew- 
erage system and sewage pumping, treat- 
ment and disposal works, and for the erea- 
tion of a sinking fund for the payment of 
such debt, but shall not be used for the ex- 
tension of a sewerage system to serve un- 
sewered areas or for any other purpose 
whatsoever.” 


From this examination of the law it 
will be noted that the first considera- 
tion is for operating funds, and that 
only surplus may be used for plant en- 
largement or replacement and for debt 
retirement. 


Trends in Revenues and Operation 
Costs 


Since funds for operation are of pri- 
mary importance, the relative rates of 
increase of both revenue and of op- 
erating expense should be studied be- 
fore new construction is considered. 
The data in Table I were secured from 
large, medium and small municipali- 
ties. All of the cities represented have 
complete treatment plants except To- 
ledo. From the table it will be noted 
that revenues have in most cases in- 
creased very moderately but that the 
operating expenses, especially salaries 
and wages, have increased materially. 
This has been somewhat more notice- 
able in the larger cities than in the 
smaller ones, but all sewage plants 
will experience the same effect in time. 

Six Ohio cities above 100,000 popu- 
lation use sewer rental with an aver- 
age minimum annual rate of $3.10; 
Akron with $6.00 is the highest and 
Toledo with $1.20 is the lowest. Ak- 
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ron’s rate, effective in January, 1947, 
was based upon the funds required for 
operation and administration which in 
1947 amounted to $320,000, plus 
amortization of the estimated cost 
of sewage treatment improvements 
amounting to $5,100,000. These im- 
provements were not made then and 
are today estimated at $9,000,000. A 
rate that seemed adequate a year and 
a half ago is today totally inadequate. 
Cincinnati, which is not ineluded in 
the above, will have sewer rental by 
the end of June, 1948. 

There are 11 Ohio cities from 100,000 
to 20,000 population using sewer rental. 
They have an average minimum an- 
nual rate of $4.07, with the highest 
rate $6.00 and the lowest $2.00. Thirty 
cities from 20,000 to 5,000 population, 
having sewer rental, have an average 
minimum annual rental of $4.35 with 
$9.00 the highest and $1.00 the lowest. 
There are 92 villages with sewer rental 
and the average minimum annual rate 
is $5.94 with $18.00 the highest and 
$2.00 the lowest. 

From these figures it is seen that 
there is a wide variation in the rates, 
due in large measure to the amount of 
original plant construction cost amor- 
tized from sewer rental funds. After 
the construction costs are once deter- 
mined, the money required to meet 
annual principal payments and for the 
interest on the unpaid balance is easily 
computed. The more difficult part is 
to estimate rationally operating costs 
over a period of years. These are 
made up from ‘‘ 
payroll, and ‘other expense.’’ In the 
latter are included costs of light and 
power and of supplies and repairs. 

It will be noted from Table I that 
with two exceptions the average per- 
centage increase in salaries and wages 
alone has exceeded the normal increase 
in revenue, unless the rate has re- 
cently been inereased. In practically 
all cases ‘‘personal services’’ bear a 
closely fixed percentage of the total 
operating expense. This varied from 


personal services’’ or 
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about 60 per cent, where the average 
annual wage per employee was rela- 
tively low, to 85 per cent, where the 
average wage was higher. In the three 
cases in the table where operating ex- 
pense showed a consistent decrease 
from the base year, it was due to a 
reduction in the number of operating 
personnel. One can only surmise that 
some part of the operation of these 
plants must have been curtailed, be- 
cause it seems unlikely that greater 
efficiency of operators could make up 
for the fewer numbers. Decreasing the 
number of operators does not seem to 
be the right answer to the problem un- 
less the plant was originally over- 
staffed. This seems unlikely. 


Trend in Construction Costs 

Where a municipality is using or ex- 
pects to use surplus funds to finance 
improvements, a great deal more care 
is required when examining existing or 
proposed rates. The Engineering News- 
Record Index is a quick but rather 
rough method of comparing cost esti- 
mates at any given time for general 
construction work. The base (100) of 
this index represents the average of 
construction costs as of 1913. Figures 
are readily available as to the index 
at any given time. For example, in the 
vear 1930 it was 202.85 or 2.0285 times 
the 1913 cost. By 1938 it was 235.86. 
For 1948 it was 289.95 and for 1947 
it was 407.12. In May, 1948 the index 
was 447.86. 

In Toledo, preaeration and grease re- 
moval facilities were designed in 1944 
and the cost was estimated at $150,000. 
These units were not constructed be- 
cause of difficulties in obtaining equip- 
ment and materials. Today it is doubt- 
ful whether these same units could be 
built for less than $300,000. 

It has been felt for some time among 
some sanitary engineers that the ENR 
Index should not be applied without 
a factor when estimating sewage treat- 
ment plant costs. The index repre- 
sents the average of construction costs 


it 
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in such diverse projects as water plants 
and distributing systems, dams and 
irrigation works, bridges, airports and 
paving, as well as sewers, sewage treat- 
ment plants and appurtenances. The 
building cost index is somewhat lower 
than the average where construction of 
industrial buildings is the principal 
work involved and other items are only 
incidental. It is readily seen that sew- 
age works, with their prevailing con- 
struction difficulties of depth, ground 
water, poor foundation conditions in 
many cases, relatively complicated and 
costly concrete form work and costly 
mechanical equipment, involve higher 
than average construction costs. 

A consulting engineer has made 
available to the writer a detailed study 
of two typical sewage treatment jobs 
where unit prices were used instead 
of jump sums. One plant was built 
in 1930 and the other in 1938. The 
actual costs of these plants were com- 
pared with their present estimated costs 
based on 1948 unit prices bid on jobs of 
such similar nature as to be directly 
comparable. At 1948 unit prices, the 
1930 plant showed a cost 2.75 times as 
high as the actual, and the 1938 plant 
eame to 2.60 times the original cost. 
By referring to the ENR Indexes, it is 
found that the figures of 202.85 and 
235.86 are listed for the years 1930 and 
1938, respectively. By applying these 
figures, instead of the unit price figures 
as above, present day costs of 2.21 and 
1.90 times the actual costs of 1930 and 
1938, respectively, would be the result. 
It thus would seem that the ENR Index 
should be increased by about 24 per 
cent in the case of the 1930 plant and 
by about 36 per cent for the 1938 plant. 
Suppose the average is taken to be 30 
per cent, then the factor sought would 
be 1.30, which would be applied to 
ENR construction cost estimates. Of 
course, two cases are not sufficient to 
establish this factor, but if it is in error, 
it would seem to be in error on the safe 
side. If sewer rental rates are estab- 
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lished to provide funds to amortize 
estimated costs of plant additions, the 
above factor should also be on the safe 
side. 

Each particular municipality must 
make its own individual study to deter- 
mine the rate of inerease in revenue 
from sewer rental that can reasonably 
be expected due to inereased use of 
facilities. At the same time an _ in- 
crease in operating expense must also 
be anticipated. A reserve fund should 
be provided to absorb the increase in 
cost of structures and equipment when 
these must be replaced. 

Industry and publie utilities do this 
as standard practice. In late years 
their financial statements show increas- 
ingly greater reserves for replacement 
of facilities. Such provision for higher 
reserves should also be made when 
sewer rentals are expected to finance 
plant additions and replacements. 

To illustrate the application of the 
1.3 factor to the ENR Index, assume 
that the cost of sewage treatment plant 
additions and improvements was care- 
fully estimated at $100,000 in 1940; 
then in 1945 that same construction 
would have cost $165,000; in 1946, 
$186,000; in 1947, $218,000; and at the 
present time $241,000. 


Summary 


In summation, it seems almost in- 
escapable that with third-round wage 
increases setting the national pattern, 
sewage works wages will also increase 
further. The rapidly rising cost of 
personal services, rising costs of all 
supplies and repairs, and only mod- 
erate gains of revenue from sewer 
rental, point to the fact that it will 
not be long before the rates must be 
revised upward. When construction of 
plant additions or expansion of any 
magnitude is considered, any rate 
thought to be sufficient to cover all 
costs involved a year or so ago is 
totally inadequate today. What seemed 


| 
in 
: 
ee 


220 SEWAGE 
like a fantastic rate a few years ago 
will not take care of present day con- 
ditions. 

It will be well for each plant superin- 
tendent and municipal finance official 
to ask how much longer can present 
rates bring in revenues which will not 
only pay normal operational costs but 
also purchase major pieces of equip- 
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ment or rebuild struetures when they 
are no longer serviceable? In some 
cities—Alliance, for example—that 
question has already been asked. The 
answer was to increase sewer rental 
rates by 80 per cent in June, 1946. 
Many other Ohio cities must follow if 
sewage plants are to be kept function- 
ing properly. 


STANDARDS FOR OHIO RIVER AT CINCINNATI 


Taking its first action to establish 
sewage treatment requirements on in- 
terstate waters, the newly established 
Ohio River Valley Water Sanitation 
has called for **substan- 
tially complete removal of settleable 
solids and 65 per cent reduction of bio- 
chemical oxygen demand’’ in organic 
wastes discharged into the Cincinnati 
Pool during periods of low flow. The 
latter is a 22-mile stretch of the Ohio 
River between navigation Dams 36 
and 37. 

The recommendations were detailed 
at a public hearing in Cincinnati on 
February 16. No protests were offered 
despite the fact that the requirements 
are higher than the minimum of 45 
per cent removal of total suspended 
(about 35 per cent B.O.D. re- 
duetion) as set forth in the Compact 
of eight states under whieh the Com- 
mission functions. The Compact pro- 
vides, however, that higher standards 
may be promulgated wherever this 
may be found necessary. In fact, so 
strong is public sentiment for stream- 
pollution abatement in this area that 
municipal officials, on whom will fall 
the burden of complying with the ree- 
ommendations, expressed themselves as 
unanimously in favor of the require- 
ments, 

The Cincinnati pool standards, states 


Commission 


solids 


Hludson Biery, chairman, will become 
effective upon adoption by the Com- 
mission, which is to meet on April 6. 

The pool, which receives the dis- 
charge of wastes from Cincinnati and 
several northern Kentucky communi- 
ties, including Covington, also serves 
as the raw water supply for these 
cities. 

Corrective measures for pollution 
control in the pool already are under- 
way. Cincinnati proposes to ask for 
construction bids in July on one of 
two projected sewage treatment plants. 
Plans have been prepared by Havens 
and Emerson, consulting engineers. 
To aid in financing the work the city 
put into effect a sewer rental ordinance 
last summer which thus far has pro- 
duced funds of about a million dollars. 

On the Kentucky side of the river, 
Covington and neighboring communi- 
ties have joined together in forming a 
sanitation district. Comprehensive 
plans for joint sewage treatment fa- 
cilities are now being developed by 
Voet, Ivers and Seaman, consulting 
engineers. 

For purposes of treatment-plant de- 
sign the committee established a water 
quality objective of 4.0 p.p.m. of dis- 
solved oxygen at the bottom of the 
oxygen sag curve for the Ohio River 
below Cincinnati. 
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FILTER PAPER METHOD FOR SUSPENDED SOLIDS 
DETERMINATION * 


By K. FrascHina 


Assistant Superintendent and Chemist, Richmond-Sunset Sewage Treatment Plant, 
San Francisco, Calif. 


Suspended solids in sewage are de- 
fined arbitrarily in ‘‘Standard Meth- 
ods’’ (1) as the weight of solids re- 
moved by filtration through an asbestos 
mat in a Gooch crucible or through a 
filter paper in an aluminum dish. The 
proportion of solids removed obviously 
depends on the fineness of the filter, 
and perhaps on the rate of filtration, 
volume filtered per unit area, kind of 
filter media, thickness of mat, and de- 
vree of mechanical entrapment or sorp- 
tion of the finer particles in the inter- 
stices of the filter. The value of the 
test method for estimating plant load- 
ings and operating efficiencies will be 
increased as variability from these 
sources is decreased. 

This paper describes a modified filter 
paper method which has been used at 
the Richmond-Sunset plant for several 
years. The modification is believed to 
be an improvement on the standard 
aluminum dish method, and is superior 
to the standard Gooch crucible method 
in time required for filtration and ease 
of manipulation. The modification 
consists essentially of (1) elimination 
of the aluminum dish and (2) the use 
of blank papers to correct for changes 
in sorbed water. For convenience, the 
modified method will be referred to 
hereafter as the ‘filter paper’’ method. 

The use of sintered glass or porous 
bottom porcelain crucibles was consid- 
ered but was discarded after a few 
trials because the rate of filtration is 
no better than with a Gooeh crucible, 


* Presented at 1948 Annual Meeting, Cali- 
fornia Sewage Works Association, San Diego, 
June 18, 1948. 


and thorough cleaning after use is 
difficult. 

The method described here recog- 
nizes the following characteristics of 
filter paper that might affect results: 


1. Oven dried filter paper is ex- 
tremely hygroscopic. The weight of 
sorbed water depends on time of ex- 
posure, humidity, and temperature of 
atmosphere in which the paper is ex- 
posed. Sorption may be appreciable 
even when the paper is placed directly 
in a desiccator. 

2. Sorbed atmospheric moisture ean 

be removed, for all practical purposes, 
by drying one hour at 103°C. Up to 
24 hours’ drying at 103°C. may be re- 
quired to remove all traces of sorbed 
water after the paper is wet. The dif- 
ference appears to depend on whether 
moisture is adsorbed or absorbed. 
3. All papers in a set will gain or 
lose the same amount of sorbed mois- 
ture, so long as they are all subjected 
to the same conditions of drying and 
exposure. 


For these reasons, initial and final 
weighings are made after papers are 
exposed to room atmosphere for one 
hour after oven drying, and_ blank 
papers are used to correct for changes 
in sorbed water between initial and 
final weighings. 


Method 
Apparatus 


Filter paper, Whatman No. 1, 9 em. 
diameter. 
Biichner funnel, size 2A. 
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Standard filter flask with side tube, 
1,000 ml. 

Special 100-ml. wide-mouth pipette, 
7.5 mm. IL.D. at tip (Rascher & 
Betzold, Ine., Chieago, No. R-215- 
O00). 


Procedure for Total Suspended Solids 

1. Place filter papers in oven so that 
they do not overlap or touch, and dry 
one hour at 103°C. (uniform temper 
ature throughout oven). Inelude two 
blank papers. If some but not all 
papers in set are or have been wet 
previously, dry set in oven 24 hours at 
103°C. 

2. Distribute papers on_ balance 
table so that papers do not touch or 
overlap. After one hour, weigh to 0.1 
mg. in random sequence. 

3. Place paper smooth side up (for 
faster filtration) in Biichner funnel, 
wet with distilled water, and apply 
about 20 in. vacuum to flask. Using 
special pipette, transfer 100 ml. well- 
mixed sewave to funnel, taking care to 
keep solids in suspension while measur 
ing (mechanical mixing preferable). 
Rinse pipette with several small por- 
tions of distilled water and add rins- 
ings to the paper. Be sure all sus- 
pended matter is transferred. After 
water is extracted, wash any particles 
adhering to sides or bottom of funnel 
onto paper and wash paper with dis- 
tilled water. Stop suction, and remove 
paper from funnel with forceps. 

4. Repeat step 3 with blank papers 
using distilled water only. 

5. Place papers and blanks in oven 
at one time, distributing as in step 1. 
and dry one hour at 103°C. 

6. Repeat step 2. 

7. Apply average change in weight 
of blanks from step 2 to step 6 as a 
correction to all other papers in set. 
Subtract correction if blanks have 
gained weight; add correction if blanks 
have lost weight. 

Example of Calculation 

Weights of paper in milligrams; 100 

ml. sample filtered : 


March, 1949 


Blanks Sample 


Final wt. (step 6) | 563.7 | 529.8 | 563.2 | 559.8 


Initial wt. (step 2) | 561.7 | 528.2 | 542.8 | 537.6 


Difference | 20) 1.6! 204] 222 
Average 1.8 21.3 

| 
Suspended solids in sample 
(21.3-1.8) 1000/100 = 195 p.p.m. 


In regular routine work, steps 1 and 
2 can be earried through on the day 
preceding steps 3 to 6. This procedure 
saves time and is the one normally used 
in this laboratory. Changes in the 
blanks are usually in the range of 1 to 
mg., but occasionally may be as high 
as 10 mg. Room relative humidity is 
normally in the range of 45 to 65 per 
cent and room temperature 60° to 


Experimental 


Sorption of Water Vapor by Filter 
Paper 

Sorption curves for oven dried blank 
filter paper and filter paper plus sus- 
pended solids from asparagus cannery 
waste are shown in Figure 1, curves A 
and B, respectively. 

Data for these curves were obtained 
by oven drying each paper one hour at 
103°C., eooling in a desiccator contain- 
ing fresh calcium chloride, transferring 
to the pan of a projection reading bal- 
ance, and weighing immediately and at 
short intervals thereafter. 

The gain in weight is very rapid at 
the start, but quite slow after one hour. 
In fact, the initial rate of gain is faster 
than ean be measured by the usual an- 
alytieal balance. This explains why 
precision is low if extreme precaution 
is not taken when papers are weighed 
directly after cooling in a desiccator. 
Moreover, another source of error is 
introduced if more than one paper is 
placed in the desiccator, namely, the 
entry of moist air each time the cover 
is removed. 

Note that curves A and B are virtu- 
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FIGURE 1.—Sorption of moisture by dry filter paper. 


TABLE I.—Comparison of Results by Direct Weighing from Desiccator 
Against Weighing after One Hour Exposure to Atmosphere 


Suspended Solids (p.p.m.) Range of Duplicates (0.1 mg.) 


Direct | 1-Hr. 


Direct | 1-Hr. | Direct | 1-Hr. | Blk. | Raw | 


229 261 
99 


9 
2. 
2. 


58 


430 


399 


219 


236 


257 


3 Vol. 21, No. 2 ee 223 : 
5800 
| | 
5600 <4 ty 
: 

: Diff. 4 | 


224 


ally parallel after 5 min. elapsed time. 
This indicates that both papers are 
gaining weight at the same rate. Nor 


is there any detectable sorption by the 
dried suspended solids on paper B. 


Effect of Atmospheric Exposure 


Table I gives comparative suspended 
solids obtained by first weighing papers 
directly from the desiccator and _ re- 
weighing after allowing the papers to 
stand on the balance table one hour. 
with corrections applied for changes in 
blank papers carried through the same 
steps simultaneously. The samples an- 
alyzed were regular 24-hour refriger- 
ated composites of raw sewage and pri- 
mary effluent on ten consecutive days. 
The results are not typical of normal 
plant operations because of interfer- 
ence from construction work during 
this period. An individual 4-in. alu- 
minum desiccator containing freshly 
regenerated activated alumina was used 
for each paper. All determinations 
were made in duplicate. The values in 
the table are averages of the duplicates. 

The statistic # (2) is computed to 
determine whether the average differ- 
ence between the immediate and de- 
layed weights is statistically significant. 
P is the associated probability. In 
neither case does the value of P ap- 
proach the significance level of 0.05. It 
ean be concluded, therefore, that there 
is no difference in the results obtained 
by the two methods of weighing. The 
data indicate also that within the pre- 
cision of the method there is no detect- 
able sorption of moisture by dried sus- 
pended solids on the papers during the 
one-hour exposure to room atmosphere. 

Note, however, that (a) the average 
range of duplicates is much less in the 
delaved weights than in those deter- 
mined immediately, indicating that 
precision is much better when weighing 
after atmospheric exposure, and (b) 
blank corrections are necessary even 
when papers are weighed directly from 
the desiccator. 

Recently a few tests were made in 
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which the filter paper was dried and 
weighed in a covered aluminum dish. 
The cover was removed during drying, 
but was replaced before removing the 
dish from the oven. The covered dish 
was cooled in a desiccator before weigh- 
ing. The method shows promise if 
tight-fitting covers are used, for sorp- 
tion of atmospherie moisture is prac- 
tically eliminated. The method may 
have particular application when the 
dried suspended solids on the filter 
paper sorb significant quantities of 
moisture on one-hour exposure to room 
atmosphere. 


Drying Time for Complete Removal of 
Sorbed Moisture from Wet Filter 
Paper 
Ten filter papers from the same box, 

arbitrarily divided into two groups 1 
to 5 and 6 to 10, were earried through 
a simultaneous series of dryings (at 
103°C.) and weighings. All weighings 
were made after one hour exposure to 
room atmosphere on the balance table. 
The gain or loss from the initial weight 
was calculated for each paper at each 
weighing. From these differences, the 
average difference d, for group 1 to 5, 
and d., for group 6 to 10 were ealeu- 
lated. According to statistical theory, 
all values of d,-d,, should be within eon- 
trol limits when plotted on a control 
chart (3) unless there are assignable 
causes of variation. 

The control chart is shown in Figure 
2. All points for standard deviations 
(of a single difference) lie within con- 
trol limits. All points for d,-d, up to 
point x are in control limits. At point 
xr papers 1 to 5 but not papers 6 to 10 
were wet with distilled water before 
Twenty-four hours additional 
drying was necessary before the points 
were again in control limits. At points 
y and z all ten papers were wet with 
distilled water before drving, without 
effect. 

Evidently prolonged drying is re- 
quired for complete removal of sorbed 
water after wetting. . It is for this 


drying. 
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ACCUMULATED DRYING TIME IN HOURS 


FIGURE 2.—Control chart; studies of drying time of wet filter papers. 


TABLE II.—Effect of Mat Thickness and 
Vacuum Applied in Gooch Method 


Sai Susp. Solids (p.p.m.) 


Thickness 
Vae. A 


(mm.) 


3 


reason that an error is introduced if 
the blank papers are not wet before the 
second drying in the filter paper 
method. 


Effect of Mat Thickness and Vacuum 
Applied in Gooch Method 


The effect of mat thickness within the 
limits specified in the Eighth Edition 
of ‘‘Standard Methods’’ and the degree 
of vacuum were investigated simul- 
taneously using a randomized block ar- 
rangement (5) as illustrated in Table 


II. The sample size was 50 ml. Two 
thicknesses of asbestos mat, 2 mm. and 
3 mm., in 25-ml. Gooch erucibles, were 
investigated. The dry weights of the 
mats were approximately 0.17 and 0.27 
em., respectively. Vacuum A was ob- 
tained by connecting the filter flask to 
a previously evacuated gallon flask, in 
turn connected to the filter pump so 
that a vacuum of over 25 in. was main- 
tained during the entire course of the 
filtration. Vacuum B was obtained by 
connecting the filter flask directly to 
the filter pump. The vaeuum rose dur- 
ing the course of the filtration from 
about 2 in. to about 25 inches. 

An analysis of the variance of the 
data presented in Table IT follows: 


Mean 
Square 


Sum | Degrees 
| Squares | Freedom 


6.25 
56.25 
165.25 


Between vacuums 
Between mats 
Residual 


6. 
12.71 
= <1 (not significant) 
56.25 
12.71 


F between vacuums = 


F between mats = = 4.43°P = 0.05+ 
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Since P for the comparison between 
mat thickness is practically at the 0.05 
level of significance, it can be concluded 
that thickness of mat but not the de- 
gree of vacuum affects the numerical 
value of the suspended solids obtained. 
In the Ninth Edition of ‘‘Standard 
Methods’’ the thickness of the asbestos 
mat has been doubled. It is therefore 
reasonable to expect that higher nu- 
merical values will be obtained than 
heretofor. 


Comparison of Gooch and Filter Paper 
Methods 


Table III shows suspended solids on 
parallel analyses for ten successive 
days on regular 24-hour refrigerated 
composites of raw sewage and primary 
effluent by the Eighth Edition of 
‘‘Standard Methods’’ Gooch crucible 
method (column A), and the filter 
paper method (column B). The mat 
thickness used in the Gooch crucible 
was 3 mm. (approximately 0.27 gm. 
dry weight of asbestos). Samples of 
100 ml. were filtered through the filter 


TABLE III.—Comparison of Gooch and Filter 
Paper Methods of Suspended 
Solids Determination 


Suspended Solids (p.p.m.) 


Raw Sewage 


313.8 | 299.4 
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papers, and 50 ml. through the Gooch 
crucibles. All determinations were 
made in duplicate. The values given 
in the table are averages of the dupli- 
cates. 

Using P= 0.05 as the significance 
level, there is no significant difference 
between the Gooch crucible method and 
the filter paper method for raw sewage, 
but there is a significant difference for 
primary effluent, the filter paper meth- 
od giving definitely lower values. 

There are several possible explana- 
tions. First, the thickness of the mat 
in the Gooch crucible affects the pro- 
portion removed, as shown previously. 
Second, the surface area of the filter 
paper is twelve times as great as the 
Gooch filter. Since twice as much sam- 
ple was filtered through the papers, the 
relative volume filtered per unit sur- 
face area was six times as much in the 
Gooch filter. Apart from effect of 
thickness of the mat, it is reasonable 
to expect more mechanical entrapment 
and sorption of the finer particles as 
the number of particles filtered per 
unit area is increased, particularly in 
view of the tendency of Gooch filters 
to clog easily. 


Summary 

The often excessive time required for 
filtration and the frequeney of clogging 
are well-known limitations of the Gooch 
crucible method for suspended solids. 
Less well known is the dependence of 
the numerical value obtained on the 
thickness of the asbestos mat. 

The aluminum dish method is more 
rapid than the Gooch crucible method, 
but is subject to large errors from sorp- 
tion of water unless extreme precau- 
tions are taken in weighing. 

In the filter paper method described 
here, errors from sorption are mini- 
mized by weighing after one hour ex- 
posure to room atmosphere and by in- 
clusion of blank papers to correct for 
changes in sorbed water between 
weighings. Sorption by the dried sus- 
pended solids on the paper does not 
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A B | A-B A | B | A-B 
262 253 9 | 69 40 29 
2 280 273 7 | 74 | 61 13 
3 303 | 272 31 80 | 68 12 
4 294 | 282 | 12 | 104 | 62 42 
5 301 | 297 4 89 | 76 13 
6 291 | 202 | -1 | 81 |49 | 32 
7 276 309 | 66 | 83 —17 
8 332 303) 29 103 | 75 28 
9 381 350 31 |100 | 43 57 
10 1418 | 363 | 55 | 80 | 26 54 
Av. | | 14.4] 84.61 583] 26.3 
for A-B 1.92 3.74 
P 0.09 0.01 
“x 
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appear to be appreciable during ex- 
posure to the atmosphere. 
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BIOLOGICAL RESEARCH BY USPHS 


The biological phases of the pollu- 
tion research program of the Environ- 
mental Health Center at Cincinnati 
are being enlarged to meet responsi- 
bilities placed upon the Public Health 
Service by the newly-enacted Water 
Pollution Control Act (Public Law 
845), according to Assistant Surgeon 
General Mark D. Hollis, Chief of Engi- 
neering Activities of the Public Health 
Service, Federal Security Agency. 

This research is being centered in 
the Biology Section of the Center’s Re- 
search and Development Division, and 
is carried out under the direction of 
Senior Scientist S. M. Tarzwell. Both 
laboratory and field investigations are 
planned. 

Proposed studies are grouped under 
three subsections. - One is concerned 
with problems of water supply, and of 
the role of algae, protozoa or other 


plankton organisms i» the natural 
purification of streams and in waste 
treatment processes. A second sub- 
section will make similar studies of the 
role of various organisms found in 
muds and other bottom deposits, the 
effects of industrial wastes on these 
organisms, and methods of overcoming 
adverse effects. The third subsection 
will carry on bio-assay for the determi- 
nation of the toxicity of various wastes 
to fishes and for the development of 
methods for determining the cause of 
death. It will also develop water pol- 
lution survey techniques and methods. 

The Environmental Health Center 
(formerly known as the Water and 
Sewage Investigations Station) is 
under the immediate supervision of 
Sanitary Engineer Director Vernon 
G. MacKenzie. The Research and De- 
velopment Division is directed by 
Head Bacteriologist C. T. Butterfield. 
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A CRITICAL REVIEW OF THE LITERATURE OF 1948 
ON SEWAGE AND WASTE TREATMENT 
AND STREAM POLLUTION 


By W. Chairman, H. E. Bassrrr, D. E. BLoopaoop, G. P. Epwarps. 


E. F. Extpringe, H. A. Faper, A. L. Genter, H. HEvUKELEKIAN, 
H. J. Mines, F. W. Montman, H. Orrorp, C. C. Rucunort, 


Committee on Research, Section A 


Although space limitations make it 
necessary to condense the annual re- 
view this year, approximately the same 
number of references were reviewed. 
The committee has made special effort 
to follow the same pattern of previous 
years—to indicate the progress made, 
to provide an evaluation of published 
contributions, to call attention to pub- 
lished material not readily available, 
and to provide a comprehensive bibli- 
ography for convenient reference. 
Attention is called to the inerease in 
articles reviewed pertaining to trade 
wastes. Ten years ago the number of 
papers reviewed were 45, whereas this 
vear there were 110 papers considered 
of sufficient interest to be reviewed. 
Most of the expanded interest pertain- 
ing to industrial wastes in the United 
States has come during the last few 
years, as indicated by the papers re- 
viewed. About half of those reviewed 
in 1938 were published abroad. In 
the present review only a fraction of 
these papers were published outside the 
United States. The growth in interest, 
as shown by the number of papers pub- 
lished, made it necessary to have sev- 
eral reviewers cover this subject. The 
widespread interest in industrial 
wastes, their treatment and effects on 
streams is also indicated by the review 
section dealing with stream pollution. 
The problems of administration, stream 
classification and particularly workable 
stream pollution abatement regulations 


C. N. Sawyer, L. R. Serrer, L. W. Van Kueeck 


, Federation of Sewage Works Associations 


which are being developed require pol- 
icies in regard to standards which must 
be flexible and fairly definite at the 
same time. Whereas industry ean 
probably develop controls and methods 
for its own waste treatment, close co- 
operation between regulatory agencies, 
industries, and research agencies is re- 
quired to make progress. 


General 
Sewage and Disease 


The survival of Leptospira ictero- 
hacmorrhagia, the causative organism 
of infectious jaundice, was studied by 
Chang, Buckingham and Taylor (71). 
The survival time in water varied from 
12 hours to over 3 months, depending 
on the conditions. At higher tempera- 
tures the survival time was shorter. 
In the presence of other bacteria the 
survival time was shorter than in water 
without bacterial contamination. In 
sewage the survival of Leptospira was 
only 7 to 8 days. The addition of food 
substances in the presence of bacteria 
was harmful to the survival of Lepto- 
spira. Addition of 5 p.p.m. iodine 
(residual of 0.5 to 2.0 p.p.m.) destroyed 
the Leptospira completely in 5 minutes. 
Caleium hypochlorite also killed the 
Leptospira completely in 1 to 3 minutes 
with residuals of 0.5 to 0.3 p.p.m., re- 
spectively. It was concluded that Lep- 
tospira are less resistant to disinfec- 
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tants than most non-sporulating path- 
ogenie bacteria. 

The survival of ova and miracidia 
of Schistosoma japonicum in sewage 
treatment processes was studied by the 
investigators of the National Institute 
of Health (126) (182). Digestion at 
low temperatures required 2 to 3 
months to render the ova non-viable. 
Sludge drying at 60° to 75° F. required 
3 months to destroy the ova. When 
sludge was dried at 85° to 90° F. they 
became non-viable in 9 days. Inter- 
mittent sand filtration was effective 
against the ova, but was not efficient in 
checking the miracidia. 

The problem of waste disposal from 
railroad passenger cars was discussed 
by Wolman and Clark (286). 


Radioactive Substances 


The contamination of water supplies 
by radioactive substances and possible 
methods of removal of contamination 
were discussed in a general way by 
Morris and Carrett (172). Pathogen- 
icity of fungi were not changed by ex- 
posure to radioactive phosphorus, io- 
dine, and high voltage X-rays aceord- 
ing to Pearson, Hammer, Corrigan, and 
Hayden (194). 


Bacteria and Their Activity 


The oxidation of various aromatic 
compounds by fluorescent pseudomon- 
ads was studied by Stanier (244). He 
found that benzoate, benzaldehyde, 
benzyl aleohol and phenylactate, were 
good substrates for the development of 
many strains. Benzene toluene and 
xylene were not attacked. 

Pure cultures of anaerobic thermo- 
philic cellulose decomposing bacteria 
were isolated by McBee (159). The 
produets formed from the fermentation 
of cellulose by these organisms were 
carbon dioxide, hydrogen, ethyl alco- 
hol, formie, acetic, lactie and succinic 
acids and glycerol, which altogether 
account for 70 per cent of the cellulose 
fermented. 
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Characteristics and methods of culti- 
vation of sulfate reducing bacteria 
were discussed by Starkey (246). 


Toxicity 


A method of studying the toxicity 
of industrial wastes was suggested by 
Heukelekian (110) based on the effect 
on the oxygen utilization rates as de- 
termined either by the manometric or 
dilution methods of oxygen utilization. 

The toxie effect upon fish of certain 
chlorinated sewage effluents was attrib- 
uted by Allen, Blezard and Wheatland 
(6) to the production of cyanogen 
chloride from the reaction between 
chlorine and cyanide or the cyanate 
found in gas house wastes. 

Combined effects of various unfavor- 
able factors on fish are emphasized by 
Bandt (43). Such combined effects 
may be found in low pH and high Fe, 
a high D.O. (40 p.p.m.) and a high pH 
produced as a result of photopepithesis. 

Washburn (271) studied the toxicity 
of copper and zine plating wastes and 
of earburizing solution to blue gills and 
bullheads. Alkali-chlorination  treat- 
ment of electroplating wastes greatly 
reduced the toxicity. 


Analytical Methods 


Papers were reviewed last year 
which proposed methods whereby nitri- 
fication in the B.O.D. test was inhibited 
by pasteurization or acid treatment. 
This year Abbott (1) (2) 
eliminating nitrification with meth- 
vlene blue. Each dilution bottle was 
treated with 3 p.p.m. methylene blue 
before incubation, and the Rideal- 
Stewart modifieation of the Winkler 
test was used to overcome methylene 
blue interference in the final D.O. test. 
The author suggested the study of 
other dyes which might prove more 
advantageous. 

The effect of temperature on the 
3.0.D. test was reported by Gotaas 
(100). Filtered domestie sewage was 
diluted with bicarbonate or phosphate 
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dilution water with and without sea 
water in varying proportions. The 
temperature coefficient 6 for the range 
15°-30° C. was found to be 1.0417(7-*"" 
instead of the common value of 
1.047'7-2"), Below and above this 
range the coefficient was unreliable. 
Deoxygenation constants of 0.16 to 0.24 
(average of 0.181) defined the initial 
stage of oxidation. Phosphate dilu- 
tion water produced higher deoxygen- 
ation values than bicarbonate dilution 
water. 

The Warburg respirometer was ap- 
plied to sewage and industrial wastes 
by Caldwell and Langelier (65). The 
method is recommended for a B.O.D. 
test in treatment control and especially 
in research studies on sewage and in- 
dustrial wastes. The 24-hour B.O.D. 
values at 25° C. were approximately 
equal to 75 per cent of the standard 5- 
day B.O.D. The deoxygenation con- 
stant (first stage) decreased when sew- 
age was diluted. Nitrification or other 
phenomena which cause a change in the 
rate of oxidation may be observed by 
this direct B.O.D. method. 

Variations in B.O.D. velocity con 
stants of sewage dilutions were re- 
ported by Ruchhoft, Placak and Kach- 
mar (216). Dilutions of 50 sewage 
samples in 500-ml. bottles were tested 
daily for B.O.D. and nitrite formation 
for 10 consecutive days under stand- 
ardized conditions. The results ecor- 
rected for nitrification gave deoxygen- 
ation constants of 0.04 to 0.29 with a 
mean of 0.148 + ,a standard deviation 
of 0.059. The lesser the dilution of 
sewage the greater was the first stage 
velocity constant. Nitrite formation 
occurred more frequently in the higher 
dilutions and often within a 3- to 5-day 
period but, if the dilution contained 
one or more per cent sewage, nitrifica- 
tion was usually delayed beyond the 5- 
day period. 

Additional studies on the variations 
in the first stage deoxygenation con- 
stant by Ruchhoft, Placak and Ettinger 
(215) were performed on three differ- 
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ent B.O.D. dilution waters. After cor- 
recting for nitrification the carbona- 
ceous deoxygenation values were found 
to vary from 0.07 to 0.25, or a mean of 
about 0.18. 

The above publications confirm the 
need of extreme care in interpreting 
B.0.D. values. It is more and more 
apparent that the rate of deoxygena- 
tion is not a constant but depends on 
the concentration and availability of 
the pollutants to microbial deecomposi- 
tion under the influence of a particular 
set of environmental factors. Settling 
or filtration of sewage, which increases 
the soluble or more available fraction, 
the presence of readily available or- 
ganic matter of industrial origin, and 
the presence of organisms adapted to 
the decomposition of usually resistant 
matter will all tend to yield higher 
rates of B.O.D. Based on D.O. stand- 
ards for fish propagation, the B.O.D. 
due to nitrification may be as impor- 
tant as the so-called carbonaceous 
demand. 

By means of a dropping mercury 
electrode and calomel half-cell Moore 
et al (169) have tested a polarographic 
determination of dissolved oxygen in 
water and sewage. <A potential of 0.6 
volts was recommended for general use 
with the addition of a maximum sup- 
pressor in tests on water. No suppres- 
sor is necessary in sewage tests. For 
continuous observation a potential of 
1.6 volts was recommended for normal 
oxygen tensions, since it obviates the 
necessity of a maximum suppressor. 

Hood (118) diseussed the value of 
oxidation-reduetion potentials as ap- 
plied to sewage plant operations. 

Alkyl] sulfides and disulfides were 
quantitatively determined by bromine 
oxidation in acid solution (236). 

On the determination of hydrogen 
sulfide Nussberger (186) described a 
simple absorption train and means of 
measuring and serubbing 2 to 10 liters 
of digester gas through acid cadmium 
acetate. The sulfide is titrated with 
0.01 N iodine solution. The apparatus 
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ean be assembled from ordinary labor- 
atory supplies. 

Riehl] (210) summarized the methods 
of the Ohio Department of Health for 
determining some heavy metals and 
cyanides in sewage. 

Copper in concentrations up to 4 
p.p.m. may be determined by use of a 
photometer test of the stable color com- 
plex formed with ‘‘Cuprethol,’’ an im- 
proved dithiocarbamate reagent (284). 
Except for a few ions, relatively large 
concentrations of eations give no ob- 
jectionable interference due to turbid- 
ity or color complexes. 

In the absence of silica and certain 
other interfering ions, 0 to 1 mg. of 
orthophosphate may be accurately de- 
termined by adding 5 ml. of 10 per 
cent molybdate solution to the acidified 
sample diluted to 50 ml. and determin- 
ing the transmittance of the yellow 
moylbdiphosphorie acid color in a 
photometer with a 380 to 420 micron 
filter (57). The method is less sensi- 
tive than the ‘‘molybdenum  blue”’ 
method, i.e., a wider range (0 to 25 
p.p.m. as P) ean be tested. 

Sax (228) described a method hav- 
ing less personal error in determining 
soluble silica as the yellow molybdisil- 
isie acid color complex by the use of a 
quartz spectrophotometer. 

An improvement in the Kjeldahl de- 
termination of nitrogen without distil- 
lation (156) consists of the addition of 
zireony! chloride before the neutraliza- 
tion and titration of the ammonia to 
eliminate interference due to the pres- 
ence of phosphates. 

Acid dichromate methods of the oxy- 
ven consumed value of sewage, which 
are roughly proportional to the 5-day 
B.O.D., were reported by Ingols and 
Murray (122) and Rhame (206). The 
methods differ somewhat in that Ingols 
and Murray correct for chlorides and 
use a l-hour digestion period with 
selenium catalyst in an all glass reflux, 
while Rhame uses a 2-hour boiling 
period with evaporation. 

Four amperometric titrations with 
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sodium arsenite may be performed to 
determine separately the fractional 
part per million of free available chlo- 
rine, chloramine, chlorine dioxide, and 
chlorite in a water sample (103). 

An amperometric titration of resid- 
ual chlorine in sewage was developed 
at the Wallace and Tiernan laboratory 
in Belleville, N. J. (157) (158). Two 
possible reasons for the low results by 
the O-tolidine method as compared to 
the new method are the decomposition 
of organie chloramines on addition of 
the acid O-tolidine solution and the 
slowness of reaction between O-tolidine 
and some of the organie chloramines. 
The new method consists of treating a 
sample with a measured excess of a 
standard solution of phenylarsene 
oxide, followed immediately by potas- 
sium iodide. The pH is then decreased 
to 2.5 or less by the addition of hydro- 
ehlorie acid. Finally, the unreacted 
phenylarsene oxide is titrated with 
standard iodine using starch or, prefer- 
ably, a polarized electrode as the end- 
point indicator. 


Sedimentation 


Kalinske (129) presents general in- 
formation on the settling character- 
isties of various suspensions and ap- 
plies these data to the design and oper- 
ation of water and waste treatment 
equipment, particularly of the slurry 


pool and sludge blanket type. Certain 
approximate calculations indicate that 
it is a good practice to keep the ratio 
of lateral distance between effluent 
takeoffs to clear water depth below 4; 
and in large cireular clarifiers with a 
peripheral takeoff, the depth of sludge 
level should not be less than 14 the 
diameter of the clarifier. 

Larson (141) describes a new water 
treatment plant featuring two-story 
sedimentation basins, a design which 
might be adapted to sewage treatment. 
Each rectangular basin, 112 ft. by 110 
ft. by 15 ft. water depth, contains a 
false bottom 7 ft. below the water sur- 
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face and extending almost the entire 
length of the tank. Water enters the 
lower compartment at one end, flows 
the leneth of the basin and returns on 
level. Design detention 
Sludge scrapers 


the upper 
period is 2.5 hours. 
are provided on the lower floor only. 
Perry (195) describes an upward 
flow and trap consisting essentially of 
a rectangular tank 20 ft. by 30 ft. by 
25 ft. deep into which is set a frustum 
of an inverted pyramid 12 ft. deep. 
The influent enters the annular space 
between the sloping sides of the hopper 
and walls of the grit chamber to set up 
a rotary motion in one direction, and 
enters the hopper through baffled long 
narrow openings on the vertical center- 
line of each sloping face. The effluent 
leaves through two conerete troughs 
running across the top of the basin. 
Jenkins (123) describes a number of 
large scale experiments on reetangular 
tanks treating various types of sewage 
and industrial He concludes 
that there is no evidence that high ve- 
locities through the tank disturb sludge 
already settled, and that small differ 
ences in temperature do not apparently 
affect the operation of the tank. 
Several articles (238) (76) (24) 
(30) have appeared on design practices 
and standards whieh, while not adding 
to existing knowledge of the subject. 
convenient for 


wastes. 


are very reference 


purposes. 


Chemical Treatment 


Kalinske (128) describes pilot plant 
studies made at Daytona Beach, Fla., 
on the use of sludge resulting from 
water softening, consisting principally 
of calcium carbonate and magnesium 
hydroxide, together with a _ small 
amount of alum, for treating domestic 
sewage. B.O.D. reductions up to 80 
per cent have been obtained in treat- 
ment units having a total 
time of 1 hour. 


detention 
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Biological Filters 


Biological and Biochemical Factors 


ORG 


Tomlinson (255) reports on growth 
and distribution of film in filters. This 
article was previously published in The 
Surveyor and was abstracted in the re- 
view published in Tus JourNAL, 
March, 1947. 

Heukelekian (113) summarizes his 
four previous papers comparing the 
biochemical nature of standard and 
high rate filters. A review of the de- 
tailed papers was presented in the 
March, 1946 issue of Tris JouRNAL. 

Sdmondson and Goodrich (87) econ- 
tinued the work reported in 1943 with 
nitrification and recirculation in trick- 
ling filters. The claim made _previ- 
ously that the application of a nitrated 
effluent to a ponding filter causes the 
film accumulated to disintegrate rap- 
idly, has been confirmed. There is also 
a marked improvement in the effluent 
produeed by the bioaeration unit when 
working in eyele with the nitrifying 
filter. 

Tomlinson and Jenkins (256) ear- 
ried on laboratory and large seale ex- 
periments on the control of flies by the 
use of chemicals such as DDT and gam- 
mexane. The results showed that these 
chemicals can be used as selective in- 
secticides for the Anisopus and Psy- 
choda in filters without affecting the 
scouring forms. The chemicals were 
applied conveniently in solution form 
to the sewage feed to the filter over a 
period of 1 to 2 hours For the control 
of Psychoda, 5 \b. of DDT per acre was 
The effluent from a filter 
treated with 5 lb. of DDT per acre was 
distinetly toxie to trout. 

Simpson (237) cautions against the 
use of DDT emulsions containing Tri- 
ton X-100 in the control of filter fly 
larvae, since this emulsifying agent was 
found to be detrimental to filter slimes. 
He suggests the use of such emulsifying 
agents as Duponal and Nacconal as be- 
ing safe. Studies showed the solvents 
kerosene and xvlene and DDT itself to 
he without effect on the slimes. 
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Performances and Operation 


A digest of the performance of bio- 
logical filters at military camps is given 
in the report ‘‘Sewage Treatment at 
Military Installations—Summary and 
Conclusions’”’ (179). <A review of the 
original detailed report was published 
in the March, 1947 issue of Tus Jour- 
NAL. Mohlman (166) and Harden- 
bergh (106) review high rate filter per- 
formance, much of which is based on 
data presented in the NRC report 
(179). 

A comparison of B.O.D. removals by 
second stage filters employing no re- 
circulation is given by Leibee and 
Smith (143). Data are presented to 
show that a so-called low rate filter sys- 
tem, when loaded to the extent of 1000 
to 2000 lb. of B.O.D. per acre ft., gave 
final effluents with much higher B.O.D. 
values than high rate filter systems un- 
der similar loadings. No assessment of 
B.O.D. removal by primary filters was 
given, nor information on loadings ac- 
tually applied to the secondary filters. 
The data presented for the low rate fil- 
ter loaded in the high rate range were 
based on one installation and are too 
limited in seope for generalization. 

Arnold (38) presents information 
obtained on two standard rate filters 
operating in parallel, one housed and 
one open, to show that low winter tem- 
peratures do not affect the efficiency 
of the filters even when the tempera- 
ture of the open filter dropped to 36.6° 
F. These results are at variance with 
numerous other reports. The presence 
of over 2 p.p.m. of nitrates in the open 
filter effluent indicates the filter had 
not been operating near its limiting 
load. The presence of nitrates also in- 
dicates the filter had not been operat- 
ing at low temperatures for a prolonged 
period, as nitrate forming bacteria do 
not proliferate at temperatures below 
50° F. 

The effect of methods of distribution 
of sewage was studied by Kehr and 
Ruchhoft (132) who found little dif- 
ference in performance of two high 
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rate filters operated in parallel when 
one was dosed by a ‘‘rain-like’’ spray 
and the other by a conventional rotary 
distributor. Lumb and Barnes (154) 
report on periodicity of dosing stand- 
ard rate filters and conclude that inter- 
mittent dosing every 4 to 9 minutes 
gives best results. Their observations 
obviously do not apply to high rate fil- 
ters where hydraulic conditions are en- 
tirely different. 

Petty (196) reports improved filter 
efficiencies by addition of enough lime 
(120 to 240 p.p.m.) to convert the bi- 
carbonates to carbonates in the settled 
sewage. Under summer conditions, 
the filter stood hydroxide alkalinities 
as high as 50 p.p.m. and yielded excel- 
lent results. Under winter conditions, 
a few parts per million of hydroxide 
alkalinity proved deleterious. No data 
were presented to show the B.O.D. re- 
duetion caused by sedimentation fol- 
lowing lime treatment and the relief 
given the filter. The filter influent pH 
varied from 9.6 to 10.0 and dropped 
from 7.3 to 7.5 in passing through the 
filter. 

Operation of a multiple filter instal- 
lation for treating combined sewage 
and milk wastes at Marysville, Ohio is 
reported by Wittmer (283). The four 
filters may be operated in parallel as 
single stage filters or in series, giving 
two-stage treatment with facilities for 
alternation. Using two-stage _filtra- 
tion, somewhat better results were ob- 
tained when the sewage flow was alter- 
nated every few days. However, the 
B.O.D. loading was only 0.82 lb. per 
cu. yd. during the alternating test as 
against 0.98 lb. per cu. yd. on the 
straight series run. 


Application to Special Problems 


Oeming (187) describes a two-stage 
high rate filter installation employing 
a dual clarifier for the treatment of 


milk wastes. This installation is li- 
censed under the Trebler patents. 
Gehm (98) reports on the status of 
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trickling filters in the treatment of al- 
kaline wastes produced in pulp and 
paper manufacture. Strawboard and 
rag mill wastes were found to be ame- 
nable to such treatment, but kraft and 
de-inking wastes were not. Attempts 
to increase the efficiency of B.O.D. re- 
moval were fruitless. The author con- 
cludes that until someone finds a way 
to increase the efficiency of trickling 
filters in the high loading ranges that 
filter installations will be too large and 
expensive for the industry. 


Design 


Two interesting and contrasting pa- 
pers on methods of design were pre- 
sented during the year. Greeley (101) 
describes the empirical method of de- 
sign of high rate filters which is used 
by his firm. From basie operating 
data obtained at selected installations 
known to be of good design and well 
operated, curves are developed which 
show expected B.O.D. removals under 
various loadings and rates of recireula- 
tion. These curves provide data for 
determining workable and most 
nomical units for each situation. 

Velz (267) has deduced from the 
published results of various investiga- 
tions that the removal of B.O.D. while 
passing through a filter follows the 
well-known biological oxidation law de- 
veloped by Phelps, namely : 


eco- 


L,/L 


wherein D (depth) replaces T (time) 
in the conventional expression. The 
values of k, the logarithmic rate of ex- 
traction, were found to be 0.1505 and 
0.175, and the values for L, the remov- 
able B.O.D. fraction, were found to be 
0.784 and 0.90 for high and low rate 
filters, respectively. No mention was 
made of nitrification as a factor which 
would influence the magnitude of these 
values. Considerable point is made of 
the effect of temperature on limiting 
loads, and a figure is presented to show 
the relationship. The effect of temper- 
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ature as shown is based on the well- 
known temperature correction factor 
applied to long-term B.O.D. reactions, 
and neglects consideration of colloider 
action and changes in synthetic-oxida- 
tive relationships at various tempera- 
tures. The article is poorly docu- 
mented and much is left to the reader 
to substantiate. Performance curves 
are developed for both types of filters 
using the values of k and LZ mentioned 
above, and examples are given of how 
they may be applied to design. A com- 
parison of observed and computed per- 
formance for several plants included 
in the NRC report (179), the Walton 
report, and others, is given. 
relation, in general, is good. 

Southgate (241) discusses British 
Standard Specifications for media for 
percolating filters, covering size, shape, 
durability, ete. 


The cor- 


Activated Sludge 


In a study of the mechanics of the 
activated sludge process, Abbott (5) 
used two methods of formulating the 
rate of change of organic matter in true 


and colloidal solutions when sewage is 


aerated with activated sludge. One 
method assumes that some defloceula- 
tion oceurs through friction of gelatin- 
ous sludge particles against each other 
or against the walls of the aerator. 
This formulation is cumbersome and 
difficult to derive. The other method 
is a simple equation, monomolecular in 
type with a single coefficient, which 
measures the rate of decrease of the 
analytical constituents capable of re- 
moval under the conditions of the test. 

Using strong latrine sewage, Abbott 
(4) found that, after removing all sus- 
pended solids by centrifuging, he could 
express purification of sewage by the 
activated sludge process as a 
equation. 

In small seale laboratory experi- 
ments, Okun (189) has studied the use 
of pure oxygen in the activated sludge 
process. He found that, since the solu- 
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bility of pure oxygen at room tempera- 
ture is about 45 p.p.m., the oxygen re- 
quirements of a sewage are satisfied at 
all points by preoxygenation. Its rela- 
tively high solubility permits the oxy- 
ven to penetrate more deeply into the 
floc particles. Separate final sedimen- 
tation tanks are not required. Using 
oxygen, the system could be loaded 
four times as heavily as with conven- 
tional activated sludge. 

Pomeroy (200) reports that the effi- 
cieney of an aeration system is best 
measured by the pounds of oxygen dis- 
solved per kilowatt hour under stand- 
ard conditions, which are zero dissolved 
oxygen and 20° C. Results under ac- 
tual conditions ean be easily converted 
to the standard by computation. At 
Laguna Beach, Calif., 1.55 Ib. of oxy- 
ven were dissolved for each kilowatt 
hour input to the motors. 

Pillai, Wadhwani, Gurbaxani and 
Subrahmanyan (198), in a comparison 
of various bacteria and two protozoa, 
Vorticella and Epistylis, found that 
the protozoa were more active than the 
bacteria in the flocculation and oxida- 
tion of the organie matter in the sew- 
age. They (197) also found that when 
sludge was inoculated with the proto- 
zoa Epistylis, the nitrogen content of 
the sludge increased during a 24-hour 
aeration period. Aeration with Vor- 
ticella and many strains of bacteria 
caused a reduction in the nitrogen con- 
tent of the sludge. 

The Manchester (England) Rivers 
Department (155) has compared the 
Haworth bioaeration, Simplex and dif- 
fused air systems of activated sludge. 
With about equal effluents, the data 
were as follows: 


Hours Horse-Power 

Aeration per M. G. 
Haworth bioaeration 16 40 
Simplex 13 26 
Diffused air 8 26 


Figures for capital cost and plant 
maintenance would be needed for a 
more complete comparison. 


Manchester experiments (155) also 
showed that when excess activated 
sludge is returned to the raw sewage, 
flocculation of the mixture either by 
air or mechanical means before sedi- 
mentation was effective in removing 
suspended solids and oxygen-absorbing 
materials. 

Edmondson and Goodrich (86) re- 
ported that best results are obtained 
with the Haworth system of aeration 
when triangular paddle blades are used, 
and when the speed of rotation of the 
paddles is 30 r.p.m. The amount of 
oxygen dissolved also varies with the 
depth of paddle blade immersion. 

Stanley and Berberich (245) have 
analyzed the operating data from 27 
activated sludge plants, and by plot- 
ting four major factors against B.O.D. 
removal, they have found the relative 
magnitude of each factor to be in the 
following order: B.O.D. loading, aera- 
tion contact hours, solids concentration 
in the aeration tank, and air quantities 
supplied per gallon of sewage. Other 
factors, such as the chemical character 
and nutritional quality of the organic 
matter in the sewage, the temperature 
and the stage of nitrification, must be 
included before any real basis of de- 
sign factors may be established. 

Addition of digested sludge or super- 
natant liquor to aerators has been a 
procedure for several years at Ann 
Arbor (282) to maintain a proper bal- 
anee between various constituents of 
the sludge. Witcher believes the su- 
pernatant should be added directly to 
the aerators as preliminary treatment 
does not seem to be beneficial. 

According to Roe (212) the ‘‘ Wide 
Band”’ principle of aeration depends 
on placing diffuser tubes at right angles 
to the tank side walls. In theory. 
larger volumes of liquid and air bub- 
bles are continuously rising than when 
the same air is introduced in a narrow 
band. The precision tube consists of 
Saran plastic cord wound tightly and 
closely around a corrugated stainless 
steel core. It is said to be easy to clean, 
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to have low pressure loss and to be free 
from breakage during handling. 

An ingenious method of sandblasting 
the underside of diffuser plates grouted 
into place has been deseribed by Long- 
ley (153). End plates in a box were 
removed, and the sandblasting nozzle 
mounted on a metal boat was pulled 
back and forth below the plates. Most 
of the clogging was caused by a tight 
layer of black material covering the air 
side. Immediately after cleaning the 
top and bottom sides, the permeability 
of the plates nearly corresponded to 
that of new ones, but the pressure soon 
rose to 7.6 p.s.i. and remained there for 
some time. In two years it was neces- 
sary to reclean the plates. The cost 
of sandblasting only was 35.8 cents 
per plate. 

Setter (233) has discussed the causes 
of plate clogging, types of air cleaning 
equipment and air diffusion problems 
at New York City plants. He believes 
that the trend toward coarse plates is 
not justified, and that higher rates of 
air flow per plate are desirable to pre- 
vent migration of aeration tank solids 
into the plate. 

Using step aeration, the Bowery Bay 
(N.Y.C.) plant has treated 40 m.g.d. 
of sewage in 2.5-hour detention aera- 
tion tanks. Torpey (257) reported 
that an average sludge age of 3.5 days 
was maintained and that removal of 90 
per cent of the B.O.D. applied to the 
secondary system and development of 
satisfactory sludge indices were at- 
tained with B.O.D. loadings of 55 to 
84 lb. of B.O.D. per 1000 eu. ft. of aera- 
tor per day. 

The use of step aeration seems to give 
promising results at the Kessener brush 
aeration plant at Rochdale (England) 
(21), and Niles (183) reported that 
step aeration is planned for the pro- 
posed activated sludge plant at Toledo. 

Milling (163) reports that in the 
Baxter-Milling process, sewage enters 
the aeration tank through a slotted 
trough which extends along the length 
of one side of the tank. The settling 
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compartment is an integral part of the 
aerator, separated by a sloping baffle 
wall. Liquor continuously passes to 
the settling compartment, clear liquor 
drawn off the top and the sludge is 
automatically returned at the bottom. 

Herzik (108) presented data from 
eight contact aeration plants in Texas. 
These plants served populations of 500 
to 44,300. Overall B.O.D. reductions 
varying from 71.8 to 94.3 per cent were 
obtained at different plants, based on 
composite samples. Air consumption 
varied from 1.0 to 4.6 eu. ft. per gal. of 
sewage, with an aeration period of 1.48 
to 5.2 hours. These results are based 
on analyses made by the Texas State 
Department of Health. 


Chlorination 

Inereasing attention is being devoted 
to the study of certain fundamental 
factors in sewage chlorination. Be- 
yond its recognized use as a disinfee- 
tant, the applications of chlorine for 
the treatment of sewage and industrial 
wastes may be expected to expand in 
proportion to the amount of basie re- 
search on such factors. Chlorine is a 
valuable sanitation tool, and its special 
applications are by no means. ex- 
hausted. 

Logan (150) has delineated the rapid 
growth of the chlorine industry in the 
United States. While the annual pro- 
duction of chlorine has grown from 
25,000 tons in 1909 to 1,400,000 tons 
in 1947, the sanitation uses of this 
product represent only about 3.5 per 
cent of the total production, or 10 per 
cent of the chlorine shipped for sale. 
The present shortage of chlorine is due 
largely to the development of new and 
the expansion of old industrial uses. 
A considerable proportion of chlorine 
use In sewage treatment is seasonal in 
nature; this fact presents a real supply 
problem to producers. Useful infor- 
mation relating to the safe handling of 
liquid chlorine is provided in another 
paper by Logan (149). This ineludes 
recommendations concerning the han- 
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dling of containers under normal eir- 
cumstances and those which apply 
when emergencies arise. The various 
uses of chlorine in sewage treatment 
have been reviewed by Chamberlain 
(70). 

The bactericidal action of chlorine is 
explained by Knox, Stumpf and Aur- 
bach (138) by the inhibition of sulf- 
hydryl enzymes and other enzymes sen- 
sitive to oxidation resulting in the 
death of the bacterial cell. Fair et al. 
(95), on the other hand, believe that 
the ability of the chlorine to enter 
through the cell wall, e.g., the rate of 
diffusion, determines largely the rate 
of disinfection. In the case of disin- 
fection with chlorine, it is not the 
strong oxidizing power of HOCI that 
makes it a superior disinfectant, but 
rather its small molecular size and elee- 
trical neutrality. 


Research in Chlorination 

In presenting a statistical approach 
to sewage chlorination, Eliassen, Hel- 
ler, and Krieger (90) have evaluated 
the effect of initial mixing on the bac- 
tericidal efficiency of chlorine. Using 
cotton-filtered sewage, it was shown 
that results which could be considered 
statistically significant were obtained 
by performing ten experiments on ten 
separate days, taking one portion from 
each experiment for bacteriological an- 
alysis. No important difference was 
found between results obtained with 
rapid or slow mixing. However, con- 
sistently lower M.P.N. values were ob- 
tained in chlorinated sewage which had 
been initially mixed than in sewage in- 
to which the chlorine solution was 
added without any subsequent mixing. 

Heukelekian (111) has investigated 
some of the bacteriological aspects of 
hydrogen sulfide production from sew- 
age. His results show the number of 
sulfate-reducing organisms in sewage 
to be low (60 to 600 per ml. in five sew- 
ages examined during cold weather), 
but that greater numbers are present 
in various sludges (25,000 per ml. in 
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these studies). The number of sulfate- 
reducing organisms found in sewer 
growths was surprisingly small (6,000 
per ml.) ; thus, it appears that bottom 
deposits in sewers rather than the float- 
ing growths, attached at one end to the 
sewer, are the seat of sulfate reduction 
activity. Subresidual chlorine treat- 
ment, sufficient to satisfy 60 per cent 
of the chlorine demand, is found effee- 
tive in destroying these organisms. 

Another investigation reported by 
Heukelekian (114) indicated that the 
elimination of hydrogen sulfide odors 
of sewage after they are produced by 
septic action required nearly ten times 
as much chlorine as would be required 
to prevent their formation. It is shown 
that 75 per cent of the demand must be 
satisfied in order to eliminate hydrogen 
sulfide, but that only 25 per cent satis- 
faction of the chlorine demand of sew- 
age is required to prevent its formation. 

The usual methods for determining 
chlorine residuals in sewage are known 
to have many shortcomings. A new 
amperometric method, presented by 
Marks, Joiner, and Strandskov (157), 
includes in the determination chlori- 
nated compounds which are not meas- 
ured by the usual methods. These 
compounds appear to exert consider- 
able bactericidal action, particularly 
when only a portion of the chlorine de- 
mand is satisfied, as in chlorination to 
control septicity. 

An analytical method published by 
Haller and Listek (103) enables the de- 
termination of active chlorine com- 
pounds in water. While this does not 
appear to be of immediate interest in 
chlorine treatment of sewage, a method 
which permits separate analyses to be 
made for free available chlorine, chlo- 
‘amine, chlorine dioxide, and chlorite 
may be applicable to the entire field of 
chlorination. 

At the University of Florida, Kiker 
(134) reports that a research fellow- 
ship has been devoted to study of the 
reactions between chlorine and the sim- 
ple amino acid, glycine. The reactions 
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of chlorine upon tryptophane are being 
studied at present, and those upon 
other amino acids will be the subject of 
investigations. 

The unique pilot scale sewage treat- 
ment plant recently provided at the 
University of Florida (207) includes a 
chlorinator and a chlorine contact unit. 
In studies of disinfection, contact times 
ranging from 20 min. to 70 min. can be 
investigated for the treatment of efflu- 
ents from various primary and secon- 
dary proceses, varying widely in chlor 
ine demand. The influence of factors 
other than contact time are to be 
studied at this plant, according to 
Kiker (134). 


Application of Chlorination 


A high degree of sewage treatment is 
required during the summer season in 
a plant serving a small suburb of Mil- 
waukee, aceording to Strand (250 
This requirement has been accom 
plished economically by employing bio 
logical treatment, sand filters, and 
chlorination. The B.O.D. of the plant 
effluent normally is lower than that of 
the water in the receiving stream. 
During the summer, the B.O.D. of the 
effluent is reported to be 5 p.p.m. after 
sand filtration and chlorination, a re- 
duetion of 97.5 per cent. 

On the basis of ‘‘sound engineering 
merit’’ the Allegheny County Sanitary 
Authority has recommended (31) a 
single central sewage treatment plant 
serving the entire area. Charges for 
treatment of sewage industrial 
wastes are to be based on the solids, 
oxvgen demand, and chlorine demand 
characteristics of the waste. Chlorina 
tion will be a requirement of the State 
Sanitary Water Board, and the chlor- 
ine demand of the effluent cannot be 
determined until the plant in 
operation. 

The only significant source of hydro- 
ven sulfide in raw sewage at Winnipeg, 
Can., has been determined by Laidlaw 
(140) to be waste from packinghouse 
and abattoir operations. Since sulfides 
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have had serious effects on conerete por- 
tions of the sewage plant, the effective- 
ness of chlorine in sulfide removal has 
been investigated. The removal of 
low concentrations (below 0.8 p.p.m.) 
appears to require chlorine in’ an 
amount 3 to 6 times that of the sulfide 
content, while the reduction of high 
concentrations of sulfide appears to re- 
quire twice as much chlorine as sulfide. 
This report would be increased in value 
if it included data on the preventive 
use of chlorine, and on actual total 
chlorine requirements for treatment of 
sewage of varying sulfide coneentra- 
tions—rather than relative demands 
based on sulfide-chlorine ratios. 

A discussion of the application and 
results of chlorination is provided in 
a round table summary (23). This 
includes the evaluation of varied 
points of application, dosage require- 
ments, and benefits derived from the 
treatment. 


Chlorination for Disinfection 
Chlorination of the entire sewage 
flow at Los Angeles continues, in con- 
junction with coarse sereening, to con- 
stitute the treatment provided pending 
completion of biological treatment and 
more adequate sewer outfall facilities. 
This temporary treatment, required for 
the protection of bathing beach facil- 
ities, was described in detail in the re- 
view of 1947 literature. According to 
Schneider (230), the amount of chlor- 
ine required for disinfection continues 
to average 18 tons per day. In spite 
of this large consumption (which would 
warrant the use of chlorine in single 
unit tank cars) local conditions require 
the use of chlorine in ton containers, 


and a bank of six evaporators is pro- 
vided to supply gaseous chlorine to the 
chlorinators. 


Studies reported several vears ago 
by Jensen and Jensen (124) have been 
extensively reviewed ; they describe ex- 
periments on the sterilization with 
chlorine of sewage containing tubercle 
bacilli. In the experiments reported 
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by the authors, autoclaved sewage to 
which suitable numbers of tubercle ba- 
cilli were added was employed. The 
sewage was settled, filtered through pa- 
per, and diluted with tap water; its 
B.O.D. was equal to that of a biological 
filter effluent. Chlorine was added in 
the form of calcium hypochlorite so- 
lution, but the pH was kept at the neu- 
tral point. The application of 20 
p.p.m. of chlorine appeared to kill all 
added bacteria (10,000 cultured tu- 
bercle bacilli per ml.) when tests were 
made on a culture medium, and a check 
with guinea pig inoculations confirmed 
the results of the culture tests. 

Tubercle bacteria from sputum were 
considered more resistant than those 
obtained from cultures, and homogen- 
ized sputum (treated with 4 per cent 
NaOH to eliminate contaminating bac- 
teria) was employed in’ subsequent 
When the sewage contained 
4000 tuberele bacilli from this souree, 
it was sterilized by 9 p.p.m. added 
chlorine after hour of contact. 
this test indicated no greater 
bacterial resistanee, it was repeated us- 
ing sputum without preliminary alkali 
treatment. The results were the same 
as in the preceding tests, and led to the 
conelusion that the resistance of culti- 
vated and sputum tubercle bacilli is 
the same. 

In a plant seale test of chlorination, 
the chlorine was applied automatically 
in proportion to sewage flow. Chlor- 
ination was applied following biolog- 
ical treatment (Imhoff tank and _ acti- 
vated sludge) and ahead of a contact 
tank where the detention time varied 
from 3 hours minimum to 7 hours aver- 
age. Samples of raw sewage constantly 
contained virulent tubercle bacilli, 
and their numbers were not appreci- 
ably reduced by activated sludge treat- 
ment. Under these conditions, com- 
pletely effective kill of tuberele bacilli 
was reported when the chlorine dose 
was 10 p.p.m. 

Tests by Melnick (161), in Chicago 
and New York City, provide evidence 
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that virulent poliomyelitis virus may 
exist in raw sewage during epidemic 
periods. Swimming at polluted beaches 
was considered one of the factors impli- 
cated in a poliomyelitis epidemic at Key 
West, Fla., and chlorination of sew- 
age was adopted shortly after the be- 
ginning of the epidemic. Davis and 
Silverstein (81) report the local water 
supply was considered a potential mode 
of transmission ; accordingly, water was 
piped from another community and was 
chlorinated three or four times before 
use, 


Chlorination in Industrial Waste 
Treatment 


According to Ridenour (208), the al- 
kali-chlorine treatment of metal plating 
wastes to remove cyanides and heavy 
metals is increasing in popularity be- 
cause of economical and operating ad- 
vantages. He reports results of lab- 
oratory studies concerning the effect of 
these wastes, after treatment, on the 


activated sludge process and on sludge 


digestion. The destruction of evanides 
was found to be practically complete ; 
that is, the cvanide content after treat- 
ment was less than 1 p.p.m. His re- 
sults indicate that 16,000 Ib. of treated 
waste could be tolerated per million 
gallons of the activated 
sludge process, if evenly distributed 
over a 24-hour period. The digestion 
units in such a process would be af- 
fected less than the aeration process. 
The need for chlorination to enable 
the industrial uses of reclaimed sewage 
effluents is noted in a comprehensive re- 
view of these uses by Veatch (266). 
The highest degree of purification 
complished is probably that at Grand 
Canyon, Ariz., where activated sludge 
treatment is followed by coagulation, 
filtration, and disinfection with chlor- 
ine. At Big Spring, Texas, effluent 
from a municipal contact aeration 
plant is purchased by a petroleum re- 
finery; the effluent is settled and is 
chlorinated for slime control. The 
largest use is that at Baltimore, Md., 
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as described in detail by Wolman 
(285). A steel company purchases 
activated sludge effluent and uses it 
without further treatment except for 
continuous chlorination. The trickling 
filter effluent is coagulated with alum, 
settled and then is chlorinated. Slime 
control, in a long transmission main, is 
the primary reason for chlorine treat- 
ment at Baltimore, though algae con- 
trol in a storage reservoir is reported 
to be a secondary accomplishment. 


Chlorine Products in Sewage Treat- 

ment 

Primary treatment, augmented with 
chemical precipitation, is the type of 
sewage treatment employed at Okla- 
homa City. Taylor (253) describes an 
extensive sewer cleaning program, ne- 
cessitated by reduced sewer capacities, 
which required by-passing of sewage 
directly to the river. This resulted in 
a serious odor nuisance and three dos- 
ing stations were established to apply 
Cloroben. Routine dosage of about 2 
p.p.m. (2 gal. per mg. of sewage ) 
proved sufficient to prevent hydrogen 
sulfide formation. 

In describing sewer maintenance ex- 
perience at Long Beach, Calif., Ken- 
nedy (1 


a 


reviews results obtained by 
the application of Cloroben. The up- 
sewer application of this material, in 
continuous dosage, has provided accept- 
able control of dissolved sulfides for 
more than one year. Discussion of the 
Kennedy paper by Lemcke relates to 
studies of sulfide control since 1930 on 
the Orange County outfall force mains. 
Chlorine application was started in 
1928 and is still in use. Ferrous sul- 
fate, ferrous chloride, zine sulfate, so 
dium nitrate, ozone, lime and Cloroben 
have been studied as control chemicals 
Trichlorophenol has given fair experi- 
mental results, especially for masking 
odors, but is difficult to obtain. The 
best practice at present is found to be 
the use of compressed air in force 
mains, and the use of chlorine and /or 
lime in gravity flow sewers. 
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Sludge Digestion 
Theory 


Buswell and Sollo (62) are of the 
opinion that methane results from the 
fermentation of acetic acid by simple 
decarboxylation. Although not defi- 
nitely proven their argument is logical 
and indicated by experiment. 

Sehnellen (231), in a doctorate dis- 
sertation, studied the mechanism of 
methane fermentation. He found that 
in addition to the acids and alcohols 
such as ethyl and butyl! alcohols, acetie, 
butyrie and propionic acids, which 
Barker had earlier found could be util- 
ized by methane bacteria, propyl aleo- 
hol was converted to methane, and pro- 
pionie acid and isopropyl alcohol to 
methane and acetone. The quantity of 
methane formed was equivalent to the 
quantity of carbon dioxide utilized 
from the medium. He further isolated 
an crganism eapable of fermenting 
methyl aleohol and another one fer- 
menting sodium formate. Pure eul- 
tures of certain methane fermenting 
bacteria were able to convert carbon 
dioxide and hydrogen directly to meth- 
ane. The anaerobic conversion of car- 
bon monoxide and hydrogen to methane 
by pure cultures of methane bacteria 
was accomplished by Kluyver and 
Sehnellen (137). However, it was 
shown that this fermentation proceeds 
in two steps, in the first of which car- 
bon monoxide is converted to carbon 
dioxide which in the second step is re- 
duced to methane. 


Practice 


The practical aspects of various 
phases of operating sludge digestion 
are ably discussed by various author- 
ities on the subject as reported in THIS 
JOURNAL (39). 

In a series of seven articles on diges- 
tion practice Van Kleeck (262) reviews 
and comments on the four available 
established methods used for the diges- 
tion of sludge, i.e., septic tanks, Imhoff 
tanks, unheated and heated separate 
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sludge digesters, and lagoons as supple- 
mental units. 

At one time lagooning was the most 
common method of sewage sludge dis- 
posal, and the use of lagoons is a form 
of separate unheated sludge digestion 
according to the report issued by the 
Committee on Sewage Disposal, Engi- 
neering Section of the American Public 
Health Association (193). This report 
deals with the use of lagoons in the 
United States and England and with 
the problems involved in such use. 

Nottingham and Ludwig (184) de- 
scribe the three essential functions of 
septic tanks which relate to detention 
period and storage capacity, and give 
test data obtained in order to deter- 
mine the relationship of the shape of 
the tanks to their efficiency. 

For small group communities Caha- 
lan (64) describes how small welded 
Imhoff tanks may be used. 

The deseription of the extension to 
the sludge digestion facilities at the 
North Toronto sewage treatment plant, 
and the operation experiences since 
1935 when the extension was placed in 
operation, are given by Nevitt (181). 
The enlarged plant became overloaded 
despite the more generous allowance of 
capacity. The operation was changed 
from single stage to multistage. 


Capacity and Design 


The subject of digester design for 
small plants is well handled in a series 
of articles in Public Works discussing 
general factors to be considered in de- 
signing small plants (32). 

Rankin (201) discusses various yard- 
sticks used for determining digester ea- 
pacity and points to the necessity of 
taking into account both the water con- 
tent of a sludge and the nature of 
sludge solids. He argues that ample 
digester capacity is necessary to elimi- 
nate supernatant problems and that the 
sludge should be thickened before di- 
gestion. 
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Heating 


Kunsch (139) reports on experiences 
with the external heat exchanger in the 
Urbana-Champaign Sanitary District, 
and concludes that this device answers 
problems involved in using interior hot 
water coils. Although the operating 
costs are somewhat higher they are evi- 
dently more than counterbalanced by 
the abnormally high destruction of vol- 
atile matter and gas production. 

Heukelekian and Kaplovsky (112) 
present interesting data to show what 
effect temporary interruption in the 
heating facilities would have on ther- 
mophilie digestion when heating is sub- 
sequently renewed, and to determine if 
the organisms responsible for digestion 
at 40° C. (104° F.) are the same as 
those functioning at 50° C. (122° F.). 
Although the organisms operating at 
these temperatures are probably simi- 
lar, those responsible for digestion at 
20° C. (68° F.) are different. Thermo- 
philic bacteria are evidently facultative 
rather than obligate. Temporary 
changes in temperature from the ther- 
mophilie to mesophilie range merely 
stop thermophilic activity, which is re- 
sumed when the sludge temperature is 
again elevated into the thermophilic 
range. 

Schofield and Tark (232) disclose a 
novel flash heater for the digestion svs- 
tem to be installed at the Philadelphia 
Northeast Treatment Works. As a di- 
rect contact combustion heater it oper- 
ates in temperature ranges far above 
the well-known steam jet heater, and 
is somewhat akin to Keefer’s method 
(131) of heating sIndge. The cireulat- 
ing sludge coming in eontact with the 
heat transfer elements or products of 
combustion appears to reach ultra-ther- 
mophilie temperature ranges. The su- 
perheated products of combustion jet 
at high speed into the cireulating cold 
raw mix at a temperature of about 
2400° F. (1300° C.), and the waste 
gases escape from the heated sludge 
mix at better than pasteurizing temper- 
atures (150°-180° F. or 66°-82° C.). 
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The hot sludge stored in the digestion 
tanks evidently stays well out of this 
temperature range. 

Quite the opposite extreme of the 
foregoing method of rapid and efficient 
flash heating is depicted in three art- 
icles by Vaseen (263) (264) (265 
This author reports on the same heat 
ing method previously described by 
Sphar (248) and eritically handled in 
this review last vear. This method re- 
lates to imbedding heating coils in the 
relatively nonconducting eement walls 
and floors of a 
avoid equally 


digester in order to 
non-conducting sludge 
seale deposits on coils submerged di 
rectly in the sludge. This heating 
method is adapted only to small tanks. 
However, even here efficient circulatory 
sludge turnover described in the above 
references (Kunsch, Schofield and 
Tark) is necessary. Furthermore, in 
the Vaseen installations, what will be 
the circulating water and wall temper- 
atures in order to maintain the digester 
contents at the mesophilic temperature 
optimum of 95° and 100° F. which is 
common to most modern installations? 
Such temperatures with efficient sludge 
turnover and heat transfer during di- 
gestion expensive 
produce The 
author admits an additional heat ex- 
changer will be necessary to supply 
enough heat in the coldest weather at 
Leadville, Colo. 

What digesters will do with heating 
coils buried in sand was discovered at 
Ann Arbor (36). Here circulating 
water of 150° F. did not help matters. 

At Ephrata, Wash., the digester is 
lined with Foameglass blocks in order 
to minimize heat losses (17). 

Van Huben (261) relates how re- 
pairs on a broken heating coil in a small 
digester were undertaken. The prob- 
lem of safely degassing the tank with- 
out available compressor is related. 


reduce digestion 


space and more gas. 


Gas Production and Utilization 
Walker (270) prin- 
ciples and factors governing methane 


discusses the 
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production in sludge digesters, and its 
utilization. An excellent article on this 
subject was published in 1947 abroad 
by Poepel (199). This author deals 
with the digestion of various types of 
sludges with and without garbage, di- 
gestion space loading, temperature and 
material losses during digestion, and 
the participation of various organic 
materials in the production of gas. 
Wirts (279) claims that the use of 
digester gas for augmenting publie gas 
utility supply is unprofitable. These 
comments probably apply to plants like 
those in Cleveland, Ohio. 
Instructive round table 
and editorial comments on the storage 


discussions 


and use of digestion gas are presented 


Sewage Works Engineering (25) 


Industrial Waste 


suswell and Sollo (63) present an 
interesting report on laboratory experi- 
ments involving the anaerobie digestion 
of wood extract waste wherein a de- 
struction of 90 per cent of the waste is 
indicated. 
shown. 


Commercial design is also 


Backmever (41) discusses experi- 
ences with digesting cheese whey of 
high B.O.D. at Marion, Indiana. The 
author logically recommends the utili- 
zation of such whey by the dairy indus- 
try itself. 


Toxic and Other Effects 


Laboratory studies of the toxic ef- 
fects of case hardening and zine plat- 


ing wastes on sludge digestion are pre- 
(208). He 
cludes that with proper holding and 


sented by Ridenour con- 
distribution devices at the industrial 
plants the wastes will have little effect 
on digester operation. 

Rawn and Candel (202) attempt to 
demonstrate that well-digested sludge 
may be diluted with primary clarifier 
effluent and into fresh or 
salt waters where sludge banks will not 
be formed. The conclusions are that 
under such conditions this method of 
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disposal will be safe. Most of the con- 
clusions are based on tests made in 2- 
liter bottles, and computation of the 
effect of recombining the digested 


sludge with primary effluent. 


Utilization and Disposal of Sewage 
Sludge and Effluent 


Sludge Disposal 


Backmeyer (40) at Marion, Ind., re- 
ported further this year on current 
practices with liquid digested sludge 
disposal started in March, 1943. Truck 
delivery to farms within a 5-mile radius 
of the plant, and to lagoons, is now 
used. Spraying of garden lots and 
lawns has been discontinued, partly on 
health grounds and also no doubt be- 
cause of nuisance conditions which may 
have arisen under certain circum- 
All deliveries are now made 
to farm fields that will not be planted 
in root type crops, and the trucks are 
dumped by gravity. Because of the 
grossly overloaded digesters at this 
plant, sludge must be hauled daily, 
necessitating the use of lagoon pits 
about 1 mile from the plant. These 
lagoons are used for about 67 per cent 
of the sludge produced, largely during 
periods when the farm fields are so wet 
that the trucks cannot make deliveries. 
When additional digester capacity is 
available and the removal of digested 
sludge can be controlled, a favorable 
cost as compared with vacuum filtration 
is believed possible. The vacuum fil- 
ter has not been used since 1948. The 
Marion method of liquid sludge dis- 
posal, while apparently adaptable to 
this plant, would still appear to be of 
highly questionable advantage to the 
majority of sewage treatment plants in 
this country. 

The disposal of liquid sludge as a 
fertilizer at certain Ontario municipal- 
ities is discussed by Roberton (211). 
A contractor is paid by the municipal- 
ity for carting the sludge away, who in 
turn makes his own arrangements with 
the farmer to whom he delivers the 


stances. 
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sludge. The farmer must get a permit 
from the sanitary inspector of his 
municipality before the contractor can 
make delivery. There are definite reg- 
ulations for the use of sludge as fer- 
tilizer. The quantity applied varies 
with the kind of soil and the crop. The 
fields should not be fertilized too fre- 
quently. 

The Committee on Sewage Disposal 
of the American Publie Health Asso- 
ciation (193) reported on the use of 
sludge lagoons. While lagoons are gen- 
erally considered as a temporary expe- 
dient for sludge disposal, a number of 
plants in Great Britain and the United 
States have successfully used them for 
a number of years. Recently, a re- 
newed interest in lagoons is evidenced 
because of their low operating cost. 
Basically, lagooning may be compared 
to unheated separate sludge digestion, 
and the factors controlling good oper- 
ating conditions with the latter will 
control lagooninge with a minimum of 
nuisance. When receiving raw solids, 
it is well recognized that lagoons may 
be difficult to control in a northern cli- 
mate, and may give rise to unpleasant 
odors, particularly in the late spring 
when the sludge temperature begins to 
rise above 60° F. and the sludge held 
through the winter starts to decompose. 
When receiving digested solids, lagoons 
become and ean be 
loaded over a period of vears and then 
dried out and cleaned. Because of the 
economies effected, it is safe to predict 
that the use of lagoons will continue 
end even expand at plant locations 
sufficiently isolated. 

Vacuum sludge filtration practices at 
Detroit. Mich.. are reported by Burley 
(61). The sludge delivered to the fil- 
ters may be raw, digested, or ‘‘mixed”’ 
sludge composed of raw and digested. 
It is the Detroit opinion that raw pri- 
mary sludge filtration is the cheapest. 
This is at variance with the studies and 
results at many other plants. The re- 
ported return of digested sludge at De- 
troit to the sedimentation tanks for re- 


storage basins, 
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settling would appear to be a form of 
elutriation. Winter troubles with raw 
sludge filtration are reported. The fil- 
tration practices cited follow standard 
operating procedures at other plants. 
The results of experimental work 
with a semi-seale Dorr-Oliver vacuum 
filter for the dewatering of activated 
and other types of sludge at Davy- 
hulme, Manchester, are presented by 
Wishart, Jepson and Klein (281). The 
filtration of activated sludge condi- 
tioned with ferrie chloride gave a eake 
of moisture content of 87.9 per cent. 
The yield from the filter averaged 1.3 
lb. of solids per sq. ft. per hour. The 
average dosage of ferric chloride was 
12.7 per cent on dry solids basis. The 
high chemical dosages required and 
high moisture content compare unfav- 
orably with the results obtained with 
activated sludge in this country. The 
filtration of mixed activated and pri- 
mary sludges gave a cake of lower mois- 
ture content, depending on the relative 
The 


proportions of the two sludges. 
vield was higher and the chemical re 
quired was lower than with activated 


sludge alone. Aeration of sludges con- 
taining activated sludge for about 2 
hours prior to conditioning reduced 
the amount of ferrie chloride required. 
Sludges produced during dry weather 
periods were harder to filter. Elutri- 
ation greatly reduced the amount of 
ferric chloride. but was not as effective 
as aeration. 


Oxidation Ponds 


A report of the Committee on Sew- 
age Disposal of the American Public 
Health Association under the chair- 
manship of Langdon Pearse (192) 
gives a review of the development. 
principles of design, operation and 
present status of oxidation ponds used 
in place of secondary treatment of sew- 
age and for the treatment of industrial 
wastes. 

Myers (173) gave the results of a 
study of various sewage 
Texas. Their use is adapted for small- 


lagoons in 
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er communities, and where the climate 
permits year-around growth of algae. 
It is recommended that sewage be pre- 
treated by primary settling, that la- 
zoons be operated in series, that they 
be 3 to 6 ft. deep and that loading 
should be about 40 Ib. B.O.D. per acre. 
Lagoons should have flexibility in oper- 
ation. Temperature has a greater in- 
fluence on lagoon operation than on 
sewage treatment plants. They have 
the merit of low construction and oper- 
ation cost. The effluent can be used 
for irrigation of crops or fish farming. 
They may also be built to handle efflu- 
ents from conventional plants. 

The role of algae in lagoons was dis- 
cussed by Espinosa (92). The gener- 
ally accepted increase in D.O. due to 
photosynthetie activity of algae during 
daylight hours, and a decrease during 
the night, is eonfirmed for 
conditions. 


lagoon 


Reclamation and Utilization of Sewage 
E filuents 


A joint symposium was held under 
the auspices of the Federation of Sew- 
age Works Associations and American 
Water Works Association on the ree- 
lamation of sewage effluents. Veatch 
(266) presented the results of a ques- 
tionnaire sent to state sanitary engi- 
neers. The practice is limited primar- 
ily to arid sections for irrigation pur- 
poses. Only in nine instances were 
effluents used for industrial 
purposes. <A_ total of 135. localities 
practice sewage reclamation. Wolman 
(285) gave the details of the use of the 
treated effluent from the Baltimore 
plant by the Bethlehem Steel Co. for 
cooling of blast furnaces, open hearths. 
rolling mills, gas washers, wire ma- 
chines, quenching, ete. Ten to 15 
m.g.d. of activated sludge effluent is 
used after chlorination only. The 35 
to 40 m.g.d. of trickling filter effluent 
is further treated by coagulation and 
settling. 

The reclamation of sewage for irri- 
vation purposes is discussed by Wileox 
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(278). Analyses of sewage effluents 
are compared with those of irrigation 
waters. The salinity, sodium and bor- 
on contents are important considera- 
tions for water used for irrigation pur- 
poses. Effluent from domestic sewage 
is ordinarily safe for irrigation use 
from the chemical standpoint. Efflu- 
ents containing trade wastes should be 
looked upon with suspicion, as they 
may contain materials toxie to plants. 


Mechanical Equipment 


In mechanical equipment for sewer 
construction an interesting advance in 
excavating machines is described by 
Esty (93). The machine is said to 
have ‘‘101 uses’’ in excavation. 
other device that speeds work in sewer 
surveys is described in a staff article 
in Engineering News-Record (16). 
Mechanical aids in the maintenance of 
sewers mentioned in the literature in- 
clude a report on a survey of by-passes 
made by the Interstate Sanitary Com- 
mission (26). Continued advances in 
the methods of maintaining and in in- 
creasing the efficiencies of pumps are 
described by Keefer (130) and, par- 
ticularly for sludge pumps, by Daviss 
(82). Varied electric motor drives are 
described in a staff article in Sewage 
Works Engineering (22), and require- 
ments for pumps, sereens, and shred- 
ders are described in another staff art- 
icle (24) in the same journal. 

In the field of mechanical equipment 
for sewage treatment, vacuum filters 
have received considerable attention, 
being discussed by Nance (174), Bur- 
ley (61), and by Wishart, Jepson, and 
Klein (281). Oil-water separators are 
discussed by Ross (213) and by Hoak 
(117). Equipment for warming the 
walls of sludge digesters is described 
by Vaseen (264) ; an external heat ex- 
changer is described by Kunsch (139) ; 
and for the transportation of fresh 
sludge for distribution on land is de- 
scribed by Backmeyer (40). Van 
Kleeck (262), in a review of established 
methods for the digestion of sewage 
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solids, describes necessary mechanical 
equipment and accessories therefor. 
Sand blasting equipment for the clean- 
ing of diffuser plates is described by 
Longley (153). 

A survey of mechanical equipment in 
sewage treatment works is reported by 
Babbitt (39), and the customary ex- 
haustive survey of recent equipment 
offered by manufacturers appears in 
THis JourNnaL (34). It represents 


probably the most fruitful source of 
information on recent developments. 


Industrial Wastes 
Pulp and Paper 


The major portion of research re- 
ported on pulp and paper mill wastes 
during 1948 consisted of white water 
clarification together with associated 
problems and with biological oxidation 
of pulping wastes. The bulk of the 
work on white water treatment con- 
sisted of laboratory, pilot and full-scale 
clarification tests employing sedimen- 
tation, coagulation, flotation and fil- 
tration. 

Both Calise (66) and Kahn (127) re- 
port on results obtained on board mill 
white waters employing ‘‘sludge blan- 
ket’’ type clarifiers. the former stress- 
ing recovery of solids in the manufac- 
turing process to the extent of 97 per 
cent and the latter reporting 94 per 
cent removal of suspended solids and 
59 per cent of the B.O.D. when alum or 
alum and activated silica were em- 
ploved as coagulants. Sludge dis- 
charged from these units was found to 
average 1 per cent consistency, but ex- 
ternal thickening could in some eases 
raise this figure to as high as 7 per cent. 
In discussing a flotation unit Hutehin- 
son (121) states that the high removals 
of fiber by these devices is reflected in 
relatively high B.O.D. reductions, and 
that the sludge consistencies of 2 to 
3 per cent obtained can be returned to 
the machine system. Coltart (78) pre- 
sents detailed results on the operation 
of a rectangular mechanically cleaned 
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elarifier on paper mill white water. 
Employing alum as a coagulant, efflu- 
ents containing on an average 40 p.p.m. 
of suspended solids and 14 p.p.m. of 
B.O.D. were obtained, representing re- 
duetions of 92 and 90 per cent, respee- 
tively. Examples of various clarifica- 


tion systems for white waters were pre- 
sented by Sheen (234) together with 
recommendations regarding their in- 
corporation in mill water systems. 
Rudolfs and Axe (217) (218), sum- 
marizing quality variations of paper- 
board mill waste. concluded after a sur 
vey of eight mills that 10,000 gal. of 
effluent (on the average) were dis 
charged per ton of product, containing 
43.5 lb. of suspended matter, 106.5 Ib 
of dissolved solids and 31 Ib. of B.O.D. 
Ninety-one per cent of the suspended 
solids settled readily. vielding a B.O.D. 
reduction of 40 per cent. Ineluded in 
this presentation were data on the 
B.O.D. of various types of pulp. and 
considerable discussion of the relative 
oxvgen demands of suspended and dis- 
solved matter in such waste waters. 
These same authors (219) (220) pre 
sented laboratory results on treatment 
of white waters by means of floceula- 
tion, settling. and diatomite filtration 
Pre-floceulation of boardmill and jute 
pulping mill white waters was found to 
be of doubtful value. Most of the com- 
mon coagulants were effective, and ac 
tivated silica was capable of reducing 
coagulant demand markedly. Sludge 
volumes obtained by plain settling were 
lower than those produced by chemical 
coagulation. Pressure and vacuum di 
atomite filtration of board mill waste. 
emploving different filter aids, revealed 
that the removal of suspended solids 
varied with the waste itself, generally 
with the amount of filter aid used, and 
inversely with the rate of flow and the 
particle size of the filter aid. Gener- 
ally, in excess of 95 per cent of sus- 
pended solids removals were observed, 
and optimum pressures for maximum 
vields varied with the nature rather 
than the concentration of suspended 


March, 1949 


matter in the waste. The possibility 
of incorporating spent filter aid in the 
papermaking process was suggested. 

Extensive diatomite filtration studies 
on board mill waste are reported by 
Halversen (104), which ineluded both 
laboratory and pilot plant filter units 
of both pressure and precoat vaeuwum 
types. It was concluded that at 60 Ib. 
pressure filtration cycles of 3 to 8 hours 
could be obtained with filtrate vields of 
30 gal. per sq. ft. of area and filter aid 
dosage of 4 to 16 Ib. per 1000 gallons. 
Extremely clear filtrates, low in bae- 
teria, were consistently obtainable. 

Considerable exploratory research on 
methods for concentrating tissue and 
other white water sludges was con- 
ducted by Rudolfs and Palladino (221) 
(212) (223) (224). Tissue sludges 
concentrated at very low. rates de- 
pended mainly on initial solids content. 
Greater subsidence velocities oceurred 
at higher temperatures, and sludge vol- 
umes readily deereased by settling or 
flotation in 3 to 6 hours to maximum 
density. Flotation was found to be a 
more effective means of compacting 
than settling. Alum was found to be a 
more effeetive conditioning agent than 
lime for board mill sludges prior to 
vacuum filtration, which vielded cakes 
containing about 70 per cent moisture. 
Lime was more effective for condition- 
ing tissue sludge than diatomaceous fil- 
ter aids, although the latter would be 
more applicable where re-use was 
contemplated. 

Pilot plant studies (175) on the 
clarification of white water mixed with 
pulp tail washings employing floceula- 
tion and settling with and without 
chemical treatment showed that good 
clarification and a dewaterable sludge 
could be obtained by plain settling, 
pre-flocculating proving of little value. 
The application of chemicals even in 
high dosages in the presence of the 
pulping waste improved clarification 
but little, and produced a thin sludge 
resistant to dewatering. 
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A review of the application of trick- 
ling filters to a number of alkaline 
pulping wastes was made by Gehm 
(98) (99) (176). It was concluded 
from the data accumulated on these 
wastes that most of them could be puri- 
fied to a fairly high degree with the ex- 
ception of kraft mill waste. However, 
at the filter loadings obtained, enorm- 
ous filter areas would be required for 
mills of the usual size, and it appears 
necessary that some entirely novel 
means of stimulating oxidation be found 
if this device is to be generally applic- 
able. Sheen (234) presents data on 
trickling filter pilot plant experiments 
on rag pulping waste, which included 
3.0.D. reduction figures at varied filter 
loadings. Morgan (171) (177) de- 
scribed the laboratory and pilot plant 
development of a process capable of 
removing the bulk of solids and B.O.D. 
from de-inking waste. This consists of 
a modification of the activated sludge 
process employing an excess of air to 
prevent difficulties arising from the 
rather strong raw waste. Filter ma- 
terials present in the waste produce a 
very rapidly settling secondary sludge. 
the rapid return of which enhances the 
process. Logan and Heukelekian (151) 
applied oxidation to sulfite 
waste liquor in both the liquid and 
foam phases. Liquid phase treatment 
in the presence of dispersed seed and 
high oxygen content atmospheres gave 
but 30 to 35 per cent B.O.D. reduction 
in 24 hours. Foam phase oxidation 
vielded B.O.D. removals of as high as 
85 per cent in 24 hours. 

Anaerobie digestion studies on straw- 
board and insulating board mill waste 


aerobic 


were reported by Bloodgood and 
Hargleroad (54) (178) and Buswell 
and Sollo (63), respectively. Labora- 


tory tests showed that strawboard 
waste could be reduced 85 per cent in 
B.O.D. in 24 hours at a temperature 
of 37.5° C. Greater detention time 
was required at lower temperatures 
and lower ultimate reductions in 
Similar tests 


B.O.D. were recorded. 
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board mill waste 
removals of 90 


applied to insulating 
demonstrated B.O.D. 
per cent, employing two-stage diges- 
tion. On the basis of this process a 
system of treatment was proposed for 
a mill making this product. 

Moggio (164) discussed data ob- 
tained from storage experiments on 
kraft mill waste in which variables 
were introduced for the purpose of de- 
termining the faetors responsible for 
oxidation under these conditions. The 
same author (165) presented a sum- 
mary of results on comparative B.O.D. 
methods as applied to kraft mill waste. 
A similar project was reported by Ty- 
ler and Gunter (259) for sulfite waste 
liquor in which modifications of the 
present B.O.D. test are suggested. 

Lewis (146), Benson (49) and Pear! 
(191) reviewed progress in the produc- 
tion of by-products from sulfite waste 
liquor and outlined chemical possibil- 
ities of the major constituents. Hies- 
ter, McCarthy and Benson (115) de- 
scribed the separation of pure lignin 
sulfurie acids from the liquor. Daniels 
and MeCarthy (80) and Leonard, 
Peterson and Johnson (144) reported 
on the production of butyric and lactie 
acids, respectively, by the fermentation 
of sulfite liquor, and fodder yeast pro- 
pagation by a novel method is reported 
by Tyler and Maske (258). 

Application of modern methods for 
evaluating a pollution problem in a 
given area was illustrated in a paper 
by Morgan (170). Field studies on the 
effect of kraft mill wastes on the aqua- 
tic environment by Van Horn (260) 
concluded that normal mill operation 
did not produce toxie levels in receiv- 
ing waters. Raw kraft mill black liq- 
uor was found by Chipman (73) to de- 
press the rate of pumpage of water 
through the gills of oysters and to de- 
crease the period that the oysters re- 
main open. The substance responsible 
for the effect was found to be present 
in the soap fraction of the liquor, 
which is now recovered by kraft mills. 
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Dairy Wastes 


Bloodgood and Canham (52) dis- 
cussed the methods of estimating the 
milk losses from a plant. Calculations 
from a small dairy products plant indi- 
cated that the losses amount to between 
5.9 and 24.1 per cent of the milk re- 
ceived during any one day. The higher 
losses are influenced by the discharge of 
strong wastes such as whey, which 
would raise the equivalent milk solids 
appreciably. The same author (53) re- 
viewed milk waste disposal by septic 
tanks and sand filters, low and high 
rate trickling filters, the Guggenheim 
process, and activated sludge, and con- 
cluded that there is no one entirely 
suitable process, although the wastes 
can be treated if the plants are de- 
signed with suitable capacity. 

The design and operation features of 
a plant treating condensery waste at 
Ovid, Mich., are given by Oeming 
(187). The principal units inelude 
dual primary and secondary clarifiers, 
primary and secondary filters, and a 
digester. 

The problem of whey disposal is re- 
viewed by Sanders (226). The impor- 
tant considerations in this respect are 
a market for the whey solids, and sim- 
ple and economical means of processing 
the whey. Neither of these require- 
ments have been fulfilled up to the 
present time. Digestion, as a means 
of disposal of whey, is considered satis- 
factory by Backmeyer (41) as a tempo- 
rary solution, although he also consid- 
ers the utilization of the whey to be a 
more logical solution. The whey is 
transferred in tank trucks to the sew- 
age plant and pumped directly to 
sludge digestion tanks. The effect of 
whey on the operation of the activated 
sludge plant at Marion, Ind., is also re- 
ported by Backmever (42). 


Cannery Wastes 


Hert (107) describes the operation 
of a small trickling filter sewage treat- 
ment plant handling large volumes of 
tomato and pumpkin cannery wastes. 
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During the tomato canning season the 
population equivalent (B.O.D. basis) 
of the wastes was 6000 and the popula- 
tion of the town 1000. Trickling filter 
loadings of tomato waste at 0.71 Ib. 
B.O.D. per eu. yd. gave 70 per cent re- 
moval, while a pumpkin waste loading 
of 1.3 Ib. B.O.D. per eu. yd. removed 74 
per cent. In a laboratory study of the 
chemical treatment of tomato canning 
wastes, Levine (145) shows that high 
calcium hydrated lime alone is better 
and more efficient than any of the usual 
chemical coagulants. Lime dosages of 
4 lb. per 1000 gal. gave 99 per cent 
solids and 25 per cent B.O.D. removal. 
Sludge volumes, however, amounted to 
15 to 20 per cent, and the sludge was 
not readily dewatered by vacuum 
filtration. 

The experimental drying of tomato 
waste solids on a semi-plant scale basis 
is described by Templeton (254). 
Plant operation and costs are given and 
the author concludes that tomato waste 
dehydration can be economically sue- 
cessful if viewed from the standpoint 
of waste disposal, and not as a profit 
making process. 

Disposal of canning plant wastes by 
irrigation in Iowa is discussed by Bol- 
ton (56). It is recommended that one 
acre be provided for 100,000 to 150,000 
gal. of corn waste per day. The vol- 
ume loading is considered to be the 
controlling factor rather than the 
strength or solids content of the waste. 
The Iowa Department of Health recom- 
mends their use. 

With adequate pretreatment pro- 
vided at the canning plant, a sewage 
treatment plant of adequate design and 
properly operated successfully 
treat canning plant wastes according to 
Miller (162). Siebert and Allison 
(235) recommend fine screening, sedi- 
mentation, and lagooning as possible 
methods of treatment of cannery 
wastes. Nelson (180) also discussed 
the different methods of treatment for 
cannery wastes. The use of screens, 
vacuum flotation, trickling filters and 
predigestion is emphasized. 
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Beet Sugar Wastes 


Brandon (59) reported on the re-use 
of beet sugar process water in the oper- 
ation of a small scale diffusion battery, 
and concludes that process water re- 
use had no adverse effect on the juice 
quality and that the pulp was more 
readily pressed. Brandon (58) also 
shows the character of beet sugar manu- 
facturing wastes with and _ without 
process water recirculation. Various 
experiments were made with biological 
and chemical treatment of the wastes, 
and the author concludes that where a 
high degree of treatment is required, 
lagooning of re-used water, followed by 
biological filtration, over a year’s time 
would be economically advantageous. 
Allen et al. (7) and (8) show the 
types of organisms and the effect of 
chlorine treatment on re-used beet 
sugar diffuser water. 


Brewery and Yeast Manufacture 


A description of the operation of a 
spray drying process for ‘‘distillers 
solubles’’ is given by Ridgeway (209). 
Thin stillage after pressing is concen- 
trated in multiple effect evaporators to 
20 to 30 per cent solids. The concen- 
trated liquor is sprayed at 2000 Ib. 
pressure through a nozzle and rotating 
whizzer into the drying chamber, which 
utilizes boiler flue gas at 450° F. to re- 
duce the moisture to 3 per cent. Such 
problems as nozzle size and wear, tem- 
perature control, fly ash removal, and 
product quality control are discussed. 

Klassen and Troemper (136) sum- 
marize the usual whiskey distillery op- 
erations and the present practice of the 
industry in by-product animal feed re- 
covery. Figures are given to show 
general heat requirements for the vari- 
ous evaporation and drying operations. 
They conclude that the complete recov- 
ery of whiskey stillage is not only prac- 
tical, but also economically desirable, 
and that an over all efficiency of 97 
per cent B.O.D. reduction is entirely 
possible. The remaining population 
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equivalent is still approximately 1000 
per 1000 bushels of grain handled. 

At a meeting in Milwaukee in Octo- 
ber, 1948, various papers on the re- 
covery of brewer’s yeasts were pre- 
sented. This was also discussed by 
Mohlman (167). Grain recovery should 
always be practiced and yeast wastes 
frequently yield profits when recov- 
ered as feeds or sources of vitamin-rich 
concentrates. Hall (102) coneludes 
that the press liquor solids of spent 
hops and spent grain contains 35 per 
cent protein. They do have value as 
stock feed if recovered. Yeast produe- 
tion is also possible and a reduction of 
67 per cent in soluble B.O.D. is indi- 
cated. He also found that the bitter 
taste of spent hops can be removed with 
alcohol or other extractions to make 
them more palatable as stock food. 
Savings in fresh hops requirements and 
decreased hops waste are also indicated 
by the re-use of debitterized hops. 

Tatlock (252) describes the operation 
of the Standard Brands yeast waste 
treatment plant at Pekin, Tlinois. 
This plant, using three-stage digestion 
followed by a recirculating trickling 
filter, is operated by the ‘‘Controlled 
Digestion’? principle, using volatile 
acid accumulation as a control of the 
digestion process. 

The first of a series of papers on 
treatment of waste from compressed 
yeast manufacture is given by Rudolfs 
and Trubnick (225). The physical and 
chemical characteristies of such waste 
are shown and the authors point out 
that the waste and problems involved 
in treatment are different from those 
of the distilling industry, where yeast 
is a by-product and part of the waste. 


Gelatine Manufacture 


Bolde (55) reports the successful re- 
carbonation of gelatine manufacturing 
wastes with flue gas to reduce caustic 
lime alkalinity so that the wastes will 
be acceptable for discharge into a pub- 
lic sewer system. The precipitated cal- 
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cium carbonate is removed in a sec- 
ondary settling tank following re- 


carbonation. 


Coal Washing and Mine Drainage 

Coal washing wastes are coagulated 
with sodium pectate alone or in con- 
junction with alum. Clark (74). re- 
ports that a substantially clear effluent, 
suitable for re-use, is obtained with less 
than 5 p.p.m. of sodium pectate and 50 
p.p.m. alum. 

British practice for the treatment of 
coal washing wastes is given in a re- 
port (277) of the West Riding of York 
shire Rivers Board. Various types of 
treatment and equipment used are (lis- 
cussed. One interesting feature is the 
use of a well-point system to dewater 
precipitated coal and dirt slurries so 
that they can be handled by crane 
buckets and subsequently used as fuel. 
A rather comprehensive study of acid 
mine wastes from the anthracite region 
of Pennsylvania is reported by Felegy 

97). Data from over 400 samples 
show acidities and alkalinities at vari- 
ous seasons of the year and stages of 
the Susquehanna. Lehigh, Schuylkill, 
and Lackawanna Rivers. The authors 
observe that although many small 
streams are initially acid, the mine 
drainage apparently has a beneficial ef- 
fect on the rivers by neutralizing the 
alkaline sewage and industrial wastes 
being discharged into the rivers. 


Flar Retting 

A report on the relatively new meth- 
od of aerobie flax retting, including de- 
scriptions of the anaerobic retting proc- 
ess and wastes produced, is given by the 
British Department. of Scientifie and 
Industrial Research (272). Aerobic 
retting of flax is accomplished in ret- 
ting tanks equipped with air diffusers 
in the bottom. Air requirements are 
nominal and not continuous. The wa- 
ter is re-used many times with no im- 
pairment of efficiency and with only a 
five-fold increase in B.O.D. with 40 sue- 
cessive rets. 
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Cranberry Canning 


Logan and Levine (152) discuss lime 
treatment of cranberry canning wastes. 
Addition of 2.5 lb. of lime per 1000 gal. 
will result in complete clarification, 
while 10 lb. and 50 lb. dosage will re- 
move 16 and 25 per cent of the B.O.D. 
respectively. The waste initially has a 

3.O.D. of 4500 p.p.m. due mainly to 


sugar. 


Starch and Coffee Processing 


Eskew (91) reports on the recovery 
of pulp from white potato starch manu- 
facture. <A pilot plant is now under 
construction to develop an improved 
process of recovery. The study is be- 
ing made primarily from the stand- 
point of pulp recovery and no mention 
is made of any proposed study of the 
wastes from the process 

Pilot plant treatment of coffee mill 
processing wastes on a recirculating fil- 
ter were studied by Horton (120). 
For batch operation a loading of 3.7 
lb. B.O.D. per cu. yd. per day gave 
73 per cent reduction of a 2200 p.p.m. 
B.O.D. combined waste, while 1.2. Ib. 
3.0.D. per cu. yd. per day loading gave 
SS per cent reduction. Recirculation 
was at the rate of 20 m.g.a.d. and 
amounted to 5 cycles per hour. 


Pharmaceutical Wastes Incineration 


The operation of a dual hearth incin- 
erator is described by Clift (75). This 
incinerator is designed to burn dry 
trash, animal manure, and filtered sew- 
age sludge for a large pharmaceutical 
plant. Wet materials are dried by 
combustion gases in an upper hearth 
and burned with the dry materials in 
the lower hearth. Suecessful operation 
at 150 per cent of rated capacity is 
reported. 


Packinghouse 


Sanders (227) described a chemical 
process for packinghouse wastes. Pri- 
mary treatment was followed by precip- 
itation using sulfuric acid and ferric 
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sulfate at a pI of 4.8 to 5.2. On the 
average 200 p.p.m. sulfuric acid and 20 
p.p.m. ferric iron are needed. Sludge 
is heated with open steam to 200° F., 
filtered and dried, with the product 
used for feed. It contains 30 per cent 
protein and 25 per cent ether extract 
and is suitable as an ingredient of 
mixed feed if below 3 per cent of the 
total. The process removed 60 to 88 
per cent of the B.O.D. (eiiluent 130 to 
480 p.p.m.), which could be lowered to 
50 to 80 p.p.m. on a trickling filter at 
2000 Ib. per acre foot. The process is 
in use only at a small plant in the 
southern states, and has not been used 
in any large plant. 

In England, Jones (125) gave re- 
sults from a survey of a small slaugh- 
terhouse, discussing the various unit 
equivalents of the analyses. The unit 
losses were much lower than American 
losses, as discussed by Mohlman (168). 

In Switzerland, Benoit (48) de- 
scribed a small plant for producing 
feed containing 55 per cent protein and 
23 per cent fat, by autoclaving slaugh- 
terhouse wastes at 145° C. and 10 at- 
mospheres, drying and preparing for 
sale. 

Mohlman (167) discussed packing- 
house wastes, giving unit losses, salvage 
operations and total effect of the B.O.D. 
of such wastes in the U.S. 

Steffen (248) discussed paunch 
wastes, listing the various methods that 
have been used to recover the solids. 
However. most of the contents still go 
down the sewer. 


Chemicals 


Organie chemical wastes were dis- 
eussed by King (135). The quality of 
effluents should be judged by the eondi- 
tions of disposal. 

Factors involved in abatement of 
waste disposal were discussed in a man- 
ual (275) published by the Manufae- 
turing Chemists Association of the 
U.S. These ideas were discussed by 
Hess (109), Chairman of the MCA 


Committee on Waste Disposal, at the 
Detroit meeting of the Federation. 

Wastes from rayon manufacture 
were discussed by Scheurer (229). 
The Front Royal, Va., plant dis- 
charges sulfide, alkaline acid 
wastes. Neutralization of acid wastes 
is the main problem. Trickling filters 
are used for sulfide wastes. This plant 
has been ordered by the Virginia Water 
Control Board to construct additional 
treatment facilities (20). 

Incineration (13) for small volumes 
of strong wastes was adopted by Hoff- 
man-La Roche, manufacturer of syn- 
thetic vitamins, pharmaceuticals and 
specialties. Control of odors has been 
a problem at a similar incineration 
plant of the Lederle Laboratories at 
Pear] River, N. Y. 


By-Products Coke 


Nussbaumer (185) described an »x- 
perimental biological filter for treat- 
ment of ammonia-still wastes at the 
Donner-Hanna plant in Buffalo. Re- 
sults of operation are not yet available. 

Southgate (240) summarizes exten- 
sive British experience in disposing of 
gas and coke wastes. There the Liquor 
Effluents and Ammonia Committee ree- 
ommended that ammonia should always 
be recovered, higher acids and thioey- 
anates reduced as far as possible by 
modifying the process, and the effluent 
discharged to the sewer at as uniform a 
rate as possible. 


Oil Refineries 


The world’s largest API skimming 
basin is being installed by Standard 
Oil of Indiana, to comply with require- 
ments of a Master appointed by the 
U. S. Supreme Court (69). 

A similar smaller separator (214) 
was installed at its Toledo plant by the 
Standard Oil Company of Ohio. 

Eldridge (88) discussed disposal of 
waste soluble oils. Caleium chloride 
and lime plus ferric sulfate are used 
to separate the oil. 
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Tron Pickling 

The Wheatland Steel Products Co. 
has installed a recovery process (14) 
at Wheatland, Pa., which cost $500,000. 
The waste pickle liquor is treated with 
zine oxide,- from galvanizing wastes, 
and chlorine is added. The slurry, 
consisting of ferric hydroxide  sus- 
pended in a solution of zine sulfate and 
chloride, is filtered and the filter cake 
dried. The ferrie hydroxide is valu- 
able as a pigment. Zinc salts are erys- 
tallized out and sold for lithopone man- 
ufacture or as a wood preservative. It 
has not been determined whether the 
process is profitable. 

Pickle liquor neutralization (116) 
by alkaline agents has been discussed 
by Hoak. Lime, dolomite, acetylene 
sludge and cement dust were studied. 
A pilot plant was constructed at De- 
vault, Pa., where the various agents 
have been tested. Operating results 
are not yet available. 


Textile 

Southgate (239) indicates that aera- 
tion is helpful in the handling of waters 
prior to re-use in the retting of flax. 
Scheurer (29) tells how the American 
Viscose Corporation mixes the domestic 
sewage, sodium sulfide waste, alkaline 
waste, and acid waste from their plant 
manufacturing rayon, neutralizing the 
mixture with lime, and filtering on a 
vacuum filter. Supernatant waters and 
filtrate are discharged to retention bas- 
ins (8 m.g.) from which the waters 
flow directly to the Shenandoah River. 
Besselievre (50) recommends the use of 
lime in the treatment of textile wastes. 
Barkholt (44) gives a general discus- 
sion. with illustration, of the preven- 
tion of pollution and the recovery of 
chemicals from the viscose process. 


Wool Scouring 


A description (15) of the handling 
of the wool scouring wastes in Brad- 
ford, Yorkshire, England, states that 
the grease is precipitated with the sew- 
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age sludge by sulfuric acid, following 
a procedure adopted many years ago. 
After treatment to remove detritus, the 
sewage passes to precipitation tanks 
where the acid is added. The effluent 
from these tanks is oxidized on biolog- 
ical filters. The filter medium is hard 
Yorkshire coal. Sludge from the pre- 
cipitation is dewatered in plate and 
frame presses and the cakes are allowed 
to mature so that bacterial action re- 
duces the grease content before the 
residue is ground and sold as fertilizer. 
Some grease is separated from the fil- 
ter effluent by flotation, and is clarified 
and eventually sold to distilleries. 
Briedham (60) also diseusses the Brad- 
ford plant, and indicates the need for 
reconstruction of the biological filters. 
A suggestion is made that the daily flow 
be ‘‘balaneed’’ so that continuous 
working of the filters can be main- 
tained. The grease recovered has a 
high value and the revenue largely off- 
sets the total cost of the works. The 
effluent from the sedimentation tanks 
is difficult to handle on biological filters 
and is very corrosive because of the 
3.5 pH. 

In England (33) it has been found 
that synthetic detergents used in wool 
scouring will make the resulting wastes 
more difficult to treat. The quantity 
of recovered grease is smaller when 
these detergents are used. Campanella 
(68) reports that the foreign matter in 
wool scour water can be precipitated 
with Ca(OCIl),. The precipitate is in 
curd form and is separated by skim- 
ming into light and heavy fractions, 
each of which is treated to recover its 
grease content. 


Tannery 


Reuning (204) (205) gives the char- 
acteristics of vegetable tanning wastes 
and then proceeds to discuss screening, 
primary sedimentation, and sludge dis- 
posal as they pertain to the treatment 
of this particular waste. Screening is 
advisable as a protection to equipment. 
Primary sedimentation may be done in 
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earthen basins, or concrete, wood, or 
steel tanks operated on either ‘‘flowing 
through”’ or ‘‘fill-and-draw’’ principle. 
The sludge may be disposed of in large 
storage lagoons or on shallow drying 
beds. Centrifugal dewatering of the 
sludge can be used, but it is a rather 
expensive way of reducing the sludge 
volume 80 to 90 per cent. Spent tan- 
ning liquors are evaporated for recov- 
ery of soluble by-products. 


Metal Plating 


Wise (280) discusses the origin, na- 
ture and volume of electroplating 
wastes. He states that there are two 
methods of treating these wastes in use 
in Connecticut: (a) precipitation with 
ferrous sulfate and lime when the chro- 
mium content is less than 200 p.p.m., 
and (b) precipitation with barium sul- 
fide and lime when more concentrated 
solutions are experienced. The treat- 
ment is carried out on a batch dasis or 
in lagoons. 


Lockett and Griffiths (148) found 
from laboratory tests that cyanide in- 


terfered with the decomposition of 
sewage. Their tests with evanide in 
activated sludge also showed a marked 
inhibitory effect on the process. 

Fales (96) outlines the waste dis- 
posal problem of a plant producing 
parts for aircraft engines. His sug- 
gested methods for disposal are: (a) 
storage of the combined wastes at times 
when standing baths are dropped, and 
uniform discharge of the stored wastes 
into the rinse waters during at least 
one shift; chemical treatment of the 
combined wastes throughout the 24 
hours, with discharge of the effluent in- 
to the brook and dewatering of the 
sludge for disposal in a solid form, 
(b) collection of the standing baths 
when ready to be dropped by means 
of tank trucks, and transporting to 
tanks for chemical treatment to remove 
objectionable constituents, with dis- 
charge of the rinse waters to the river 
with no treatment except provision for 
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chlorination to oxidize cyanides if they 
should be present in an objectionable 
amount. 

In the ‘‘Report of Water Pollution 
Research Board’’ (273) it is stated 
that in the treatment of waste waters 
containing cyanide the use of ferrous 
sulfate and lime is being superseded by 
the chlorine and alkali process. Ride- 
nour (208) reports laboratory studies 
on the toxicity of metal plating wastes 
to activated sludge and sludge digestion 
processes. The data presented would 
indicate that alkali-chlorine treated 
wastes are toxic, if concentrations are 
high enough, but a relatively high con- 
centration is tolerable in the sewage 
before the efficiency of sewage treat- 
ment processes is seriously impaired. 
Washburn (271) in his studies on tox- 
icity to fish of metal plating wastes 
after the alkali-chlorination treatment, 
found that certain copper plating solu- 
tions were 625. times less toxic to cer- 
tain fish than was the untreated waste. 
3esselievre (50) recommends the use 
of lime in the treatment of chromium 
plating wastes. 

Barnes (45) gives in considerable de- 
tail the design of a treatment plant to 
treat the plating wastes from the Talon. 
Inc., plant at Meadville, Pa. Chester 
(72) points out the importance of min- 
eral-free waters in improving plat- 
ing room operation. Such waters may 
be prepared from treated plating 
room wastes. MeCormick (160) gives 
a method for protecting receiving 
streams from heavy ‘‘shots’’ of waste 
plating solutions. The studies of 
Bloodgood and Losson (51) show some 
promise that cyanide and chromium so- 
lutions may be treated with ion ex- 
changers. Dobson (83) states that the 
application of chlorine for the oxida- 
tion of the highly toxie cyanide radical 
to form cyanates or carbon dioxide and 
various oxides of nitrogen is now a 
proved process, having been verified by 
extensive laboratory tests and several 
plant installations. 
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Stream Pollution 


In discussing stream pollution abate- 
ment Weston (276) pointed out that 
the industrialist has a golden opportu- 
nity to perform a public service and 
obtain the goodwill of the publie, and 
at the same time help himself by work- 
ing seriously for abatement. He sug- 
gests that besides the hygienie, eco- 
nomic, aesthetic, and legal considera- 
tions, pollution may involve another 
consideration, ie., that of industrial 
public relations. The paper includes 
discussion of the various effects of pol- 
lution, the losses through litigation and 
the political aspects. Anable and Kite 
9), on the other hand, consider that 
the legislative aspect of pollution abate- 
ment is the most important considera- 
tion for coordinating the technieal and 
financial activities of industry in the 
long range attack on this problem. 
They suggest that industry can never 
have any incentive or other reason for 
reducing pollution except to meet the 
standard required by the pollution con- 
trol agencies in the area directly cov- 
ered. Their viewpoint gives no consid- 
eration to the aspect of public relations 
or goodwill as an incentive for pollu- 
tion control, and seems to justify the 
view held by- some that more stringent 
legislation is needed. 

A model sanitation code designed to 
aid communities in abating and con- 
trolling water pollution problems was 
developed by the Special Committee on 
Pollution Abatement of the Joint Leg- 
islative Committee of New York, and 
sent to officials of New York State 
cities, towns, and villages (28). This 
model code has seven sections which: 

1) require sewer connections, (2) pro 
hibit pollution of ground and waters. 
3) define conditions of installation of 
septic tanks and the disposal of tank 
effluents, (4) define conditions for ad 
ditions to disposal systems, (5) prohibit 
the disposal of refuse in an unsanitary 
manner, and (6) provide fines and pen- 
alties for violations of the provisions 
and requirements. <A_ bill intro 
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duced in the New York State Legisla- 
ture to create a Water Pollution Con- 
trol Board in the State Board of Health 
with authority to deal with pollution 
problems (29). 

It was pointed out editorially (19) 
that before most industries in the Poto- 
mae River basin install additional proc- 
essing equipment, the possible effect of 
the new installations on the pollution 
of the stream must be reported to top 
officials of the company. The manner 
in which industry in this area has 
shouldered its pollution abatement re- 
sponsibilities not only reflects to the 
credit of industrial management, but 
also indicates the effectiveness of the 
youthful Interstate Commission on the 
Potomae Basin as an interstate pollu 
tion control agency. In West Virginia. 
Watson (274) deseribed a long-range 
program to abate and control stream 
pollution which has for its immediate 
objectives: (1) stream classification of 
all waters in the state into one of four 
water quality zones, (2) cooperative 
improvement of industrial stream pol- 
lution, and (3) education and munie- 
ipal planning toward sewage treatment. 
Although only 10.4 per cent of the 
state’s sewered population now has sew- 
age treatment, treatment facilities for 
65 per cent of the sewered population 
are in the planning stage. 

King (135) suggests that reasonable 
and workable stream pollution abate- 
ment regulations be developed by the 
state while industry develops controls 
and methods for its own waste treat- 
ment. He stated that the chemical in- 
dustry is aware of the challenge of the 
pollution abatement problem, and of 
the need for industry to treat 
charged wastes so that (1) the stream 
is not harmed to an objectionable de- 
eree, (2) the effluent will not make the 
stream acid nor consume more than a 
reasonable part of the stream’s acid 
neutralizing power, and (3) not more 
than a fixed percentage of the stream’s 
dissolved oxygen will be consumed. 

Walker (269) stated that the River 
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Boards Bill in England, when enacted, 
will set up Boards in various sections 
of the country for prevention of pollu- 
tion, but the Boards will be limited by 
not having sufficient statutory power. 

Parker (190) pointed out that the 
municipality is solely liable for pollu- 
tion where testimony proves that indus- 
trial firms and others comply with 
municipal ordinances and regulations. 
However, any user of a sewer who over- 
loads it or violates valid laws may be 
liable for the pollution of water to the 
detriment of owners of private prop- 
erty. Where an analysis can be made 
for direct and demonstrative proof of 
an injury, the loss of the suit may re- 
sult if this essential step is omitted. 

The Sanitary Water Board of Penn- 
sylvania (11) won an important case 
against a coal company in its abatement 
program. Investigation showed that 
the killing of fish in Aunt Clara’s Fork 
of Kings Creek was caused by dumping 
of strip mining wastes, and the case was 
decided in favor of the Board. This 
Board (10) has issued orders to Pub- 
licker Industries of Philadelphia to in- 
sure continued abatement of pollution 
of the Delaware River. The Board 
also cited a cannery (27) for alleged 
discharge of chemicals which killed fish 
in Conewago Creek. 

In California, the state (18) has 
cited 22 communities to force action on 
sewage treatment to abate stream pol- 
lution. 

Svore (251) stated that although 
there are stream pollution problems of 
considerable magnitude in North Da- 
kota. the state has appropriated no 
money for pollution control or investi- 
vation. 

The Ohio River Valley Water Sani- 
tation Compact (188), which created a 
sanitation district that embraces all 
territory within the signatory states. 
the water in which flows ultimately into 
the Ohio, was signed on June 30. 1948 
by representatives of Illinois, Indiana, 
Kentucky, New York, Ohio, Pennsyl- 
vania, Tennessee and West Virginia. 
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This compact provides for an Ohio 
River Valley Sanitation Commission 
having three commissioners from each 
signatory state and three representing 
the United States Government. The 
Commission is authorized to adopt. pre- 
scribe and promulgate rules, regula- 
tions and standards for administering 
and enforcing the contro! anc abate- 
ment of stream pollution within the 
district. 

The Federal Stream Poliution Con- 
trol Act (37), known as Public Law 
845, was passed in (9/8. This law 
authorizes a comprehensive water pol- 
lution control program by the United 
States Public Health Service, and es- 
tablishes a Water Pollution Control 
Advisory Board. Either the Surgeon 
General of the Public Health Service. 
or a Sanitary Engineer Officer desig- 
nated by him is to be chairman of this 
Board. The Board includes one rep- 
resentative from each of the Depart- 
ment of the Army, Department of Ag- 
riculture, Department of the Interior, 
and the Federal Works Ageney. and 
six persons who are not officers or em- 
ployees of the government, to be ap- 
pointed by the President. Fourteen 
river basin offices will implement the 
program and will cooperate with state 
and interstate agencies, with municipal- 
ities and with industry in their respec- 
tive watersheds. Research and_ tech- 
nical service facilities of the Public 
Health Service laboratory at Cincinnati 
are authorized in this program. 


Biology and Bacteriology 


Bartsch (46) discussed the biological 
aspects of stream pollution from two 
points of view: (1) how pollutants 
change the character of the stream as 
a habitat for organisms, and (2) the 
action of organisms upon the pollutant 
and their related distribution. The 
distribution of living organisms is alt- 
ered by pollution and may be used to 
complete the pollutional picture ob- 
tained by the usual testing procedures. 
A British Field Sports Society report 
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(12) records the gradual destruction of 
salmon fisheries as the result of pollu- 
tion from sewage and industrial wastes. 
Hora and Nair (119) in India reported 
that although the effluent from a qui- 
nine factory had no apparent direct in- 
jurious effect on fish life, the deposit of 
bark residues affected the feeding 
erounds. Reid (203) reported that the 
discharge of lime slurry had a deleteri- 
ous effect on plant and plankton life. 

In studies on the effect of acid and 
alkalies on fish, Stiemke and Ecken- 
felder (249) found that bluegill finger- 
lings reacted differently according 
either to their stage of development or 
the season. They reported that alka- 
lies cause more violent death than 
acids. They proposed the following 
formula to correlate the pH value and 
acidity at the time of death: 


(pH Log C)"=Neg 


where C = concentration as p.p.m. ex- 
pressed as CaCO,; n= constant de- 
pending upon the type of acid; Vp = 


Eckenfelder’s number, which was 


found to have a relatively constant 
value of 7.4 at the average death point 


for all acids used. Curves were pre- 
sented showing the variation between 
pH and Ny. It was suggested that by 
using these curves and with the knowl- 
edge of the death point for any acid 
expressed either as pHi or Ne one can 
quickly determine the maximum reduc- 
tion in pH that can be tolerated in a 
stream by discharge of an acid waste 
without harmful effect on the fish. 
Stefanile (247) contributed a com- 
parative study of media for the isola- 
tion of FE. typhi in polluted waters. 
The medium of Leifson detected more 
contaminated samples than the Kauf- 
mann-Miller, and the Wilson-Blair me- 
dium was used for isolating FE. typhi. 
A study of the enumeration of faecal 
Streptococci in river water, with a mod- 
ification of the medium of Hajna and 
Perry consisting of buffered glucose 
broth containing azide in a concentra- 
tion of 1 in 4000 and peptone in place 
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of tryptone, was made by Hannay and 
Norton (105). Although the maxi- 
mum count in the presence of azide was 
not obtained until 32 hours of ineuba- 
tion, both 24- and 48-hour cultures con- 
taining azide gave a higher maximum 
count than the medium containing no 
azide. 


Chemistry 


Vosloo (268) reported that the oxy- 
ven absorbed from permanganate de- 
pends upon the dilution of the sample, 
and recommends that a standard dilu- 
tion be accepted to make the results 
more consistent and comparable. An- 
other modification of the permanganate 
oxygen absorbed procedure in which 
the acidified sample treated with 1 ml. 
of .025 N KMn0, is boiled for 10 min- 
utes is recommended by Zdeleznikova 
(287) for field conditions. Ingols 
(122) developed another dichromate 
reflux oxygen consumed procedure. In 
this method the sample is refluxed for 
60 minutes with 25 ml. of the oxidizing 
reagent (1 volume concentrated H,SO,, 
1 volume 85 per cent HPO, and 1.25 
eram of K.Cr,O,), using selenium as a 
eatalyst. The excess K.Cr.0, is deter- 
mined iodometrically as in the Rhame 
method, which was reviewed last year. 
In view of the need for an improved 
oxygen consumed procedure in stream 
pollution studies, these procedures de- 
serve further careful study. 

Basavilbaso (47) and Ettinger and 
Ruchhoft (94) studied procedures for 
the determination of phenol and struc- 
turally related compounds with the 
Gibbs reagent in polluted waters. In 
the Basavilbaso procedure the sample is 
treated with a MnSO,—CuSO, reagent 
to eliminate sulfides and dissolved oxy- 
gen, following which the color is devel- 
oped with Gibbs reagent in a borate 
buffered solution and extracted with 
iso-amyl aleohol. Factors affecting the 
amount and characteristics of the color 
produced by the Gibbs reagent, studied 
by Ettinger and Ruchhoft, included 
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reaction time, temperature, pH and 
the 2-6, dibromoquinone chloramide 
used. Spectrophotometric examination 
showed that the colors produced varied 
with the phenolic compound. The de- 
tails of a procedure designed to take 
due account of the variables are pre- 
sented and recommended for applica- 
tion to stream pollution studies where 
the concentration of these compounds 
may be very low (under 100 p.p.b.). 


Stream Sanitation and Dissolved Ory- 
gen Balance 


Lawrence (142) applied the stand- 
ard oxygen consumed test to the study 
of the time of passage of pollution 
(waste sulfite liquor, paper mill wastes 
with some sewage) in the Androscoggin 
River. This procedure showed a well- 
defined molecular front in the river. 


The cold permanganate number was 
quite sensitive to small changes in H.S. 
and the difference between the hot and 
cold permanganate numbers gave a 


valuable index of the fate of a given 
pollution load. 

Crawford (79) studied the dissolved 
oxygen fluctuations in a typical swamp 
stream and the effects of sulfate pulp 
and paper mill discharges to the stream. 
He concluded that the existing concepts 
of 4 to 5 p.p.m. of dissolved oxygen for 
the proper support of aquatic life are 
not applicable to swamp streams and 
that the maintenance of an average of 
2.5 p.p.m. with a minimum of 2.0 p.p.m. 
would be satisfactory for native fish life 
and the esthetic characteristics of the 
river. 

Abbott (5) found photosynthesis an 
important item in the complex changes 
occurring in sewage irrigation, and de- 
vised a means for determining the bio- 
chemical production of oxygen. He 
suggests that the oxygen-producing 
capabilities of a sample be determined 
by incubating duplicate portions at the 
same temperature in the dark and in 
the light from a north window for 48 
hours. 
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Studies by Ruchhoft et al. (215) 
(216) and Gotaas (100), which dealt 
with the biochemical oxygen demand of 
sewage dilutions, should be mentioned 
here because of the importance of this 
parameter in stream studies. These 
studies indicated that although the gen- 
eral course of the biochemical oxidation 
in sewage dilutions follows the unimol- 
ecular reaction, the values of the veloc- 
ity constant k at a given temperature 
vary much more than was considered 
probable, and the average value of k 
at 20° C. is considerably higher than 
the commonly used value of 0.1 found 
by Phelps and Theriault. The inci- 
dence of early nitrification and the ef- 
fect of early nitrite formation upon the 
derivation of velocity constants for the 
first stage obtained by common B.O.D. 
observations was reported by Ruchhoft. 
Placak and Ettinger (215). These 
studies, in which errors due to the for- 
mation of minute quantities of nitrite 
were eliminated, showed a range of k 
values for first stage oxidation on 45 
samples at 20° C. between 0.07 and 
0.25, with a skew distribution pattern 
in which values between 0.16 and 0.20 
occurred most frequently. Gotaas 
(100) concluded that the magnitudes of 
the ultimate first stage biochemical oxy- 
gen demands of sewage are not affected 
significantly in the range of 5° C. to 
30° C., which does not agree with the 
commonly accepted view that the ulti- 
mate first stage B.O.D. increases 2 per 
cent for each degree increase in tem- 
perature. 


Standards 


Eliassen (89) diseussed the classifi- 
cation of all waters into four common 
groups: (1) sources of drinking water 
and for eultivation of shellfish, (2) wa- 
ters used for bathing, (3) recreational 
and industrial waters. and (4) waters 
used for commercial navigation and 
transportation of wastes. Soxirk (242) 
reported that although the permissible 
limit of nitrate is not definitely estab- 
lished, water containing 64 to 140 
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p.p.m. raised varying degrees of sever- 
ity in cases of methemoglobinemia 
(blue babies). Dugan (84) 
10 p.p.m. of nitrate as the maximum 
that can be safely used in baby feeding 
formulae. 


suggests 


Surveys 


Lieberman and Hoover (147) studied 
the effect of forest practices on water 
quality in the 5500-acre laboratory of 
the Southeastern Forest Experiment 
Station situated in the Nantahala 
Range of the southern Appalachian 
Mountains. They found that runoff 
and inorganic slow settling turbidity 
is greatly increased by logging. Data 
from controlled areas are 
given. The turbidities are due to soil 
erosion which results from unplanned 
and poorly constructed roads. 


logging 
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Felegy, Johnson and Westfield (97) 
deseribed a study of acid mine water 
and reported that the main streams and 
rivers that flow through the anthracite 
region of Pennsylvania are nearly al- 


ways alkaline at all points within the 
region itself. Under present conditions 
the acid mine drainage appears to be 
beneficial to the municipalities along 
the banks beeause of its neutralizing 
action on the highly alkaline sewage 
industrial (67) 
contributed a comprehensive report of 
the pollution of the Merrimac River by 
Lowell and Lawrence and surrounding 
territory, of which 77.5 per cent of the 
B.O.D. is due to industrial waste. <A 
study of the pollution of the Black 
Warrior River above Tuscaloosa, Ala- 
bama was reported by Dunstan (85). 
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Industrial Wastes 


COMPANY ADMINISTRATION AND TECHNICAL 
ORGANIZATION FOR INDUSTRIAL WASTE 
CONTROL * 


By R. R. BALMER 


Trade Waste Consultant, E. 1. 


Industrial waste disposal problems 
within a company create the need for 
three things: (1) a company policy on 
the subject, (2) administrative proced- 
ures to carry out that policy, and (3) 
an organization to investigate and de- 
velop proper disposal facilities. This 
discussion is concerned with the waste 
organization and administrative re- 
quirements for industrial companies of 
various sizes. Several actual examples 
will be cited and the pollution abate- 
ment activities of the company repre- 
sented by the writer will be described 
in detail. 


The Company Waste Control 
Organization 


The Small Company 


Where a company is small, perhaps 
of the owner-manager size, the whole 
pollution abatement organization may 
be represented by one man, the man- 
ager himself. If a little larger, there 
may be a plant engineer who will join 
in the work. In this case, these one or 
two men know every operation, prod- 
uct, by-product, and waste of the proe- 
esses carried out. If these facts are not 
known they ean readily be determined. 
If any disposal problems arise, they 
rely on their own knowledge for a solu- 
tion. When outside assistance 
needed, the state health department or 
other pollution control ageney may be 
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du Pont de Nemours and Co., Wilmington, Del. 


of some assistance, but a consulting 
engineer may finally have to be called 
in if the problem particularly 
difficult. 

As an example, consider an imagi- 
nary situation where a company’s only 
operation is the grinding of lenses for 
eye-glasses. The owner actively man- 
ages the business and employs less than 
30 people. For years the sanitary sew- 
age and the wastes from the grinding 
operation have gone to a small stream. 
With the advent of new laws and their 
enforcement a warning received 
from the state pollution control agency 
to stop polluting the stream. The first 
step to be taken by Mr. Owner would 
be a conference with the state author- 
ities to determine the extent of the 
pollution, the degree of improvement 
required and possible methods of treat- 
ment to produce a satisfactory effluent. 
The amount of assistance which can be 
obtained from the state authorities will 
vary considerably. Some states will 
give practically no help, maintaining 
that they are not in a position to assist 
in solving the problems of industry 
while other states may go a long way 
toward helping to solve the problem. 

In most cases the state or county 
health department will have enough in- 
formation readily available so that Mr. 
Owner can proceed to treat sanitary 
wastes, but in the ease of his industrial 
wastes the state is not equipped to sup- 
ply the complete answer. Although 
trade journals have had articles deal- 
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ing with waste disposal, there is not 
enough specific information available 
to apply directly to these particular 
circumstances. Mr. Owner will then 
have to eall in a consulting engineer 
and work with him in developing the 
best solution to the problem. Such is 
the brief story of the usual small com- 
pany solution of a waste problem where 
no public sewers are available. Where 
the quality of the wastes is harmless to 
sewers or treatment processes, a con- 
nection to an accessible sewer system 
may be the most economical procedure. 
Pre-treatment methods can be used to 
alter or remove objectionable qualities 
of the wastes where necessary. 


The Medium-Size Company 


When a company has developed so 
that it has waste problems at several 
plants or many problems at one loca- 
tion, it then becomes necessary to have 
a definite pollution abatement organ- 
ization. At each plant there should be 
one man at the head of the waste activ- 
ities. He should preferably be a chem- 
ist or an engineer thoroughly familiar 
with all the operations being earried on 
and be especially able to work with 
other people. 

This waste specialist will need a lab- 
oratory to carry out the analytical 
work, and manpower assistance to set 
up sampling and flow measuring de- 
vices necessary in carrying out waste 
surveys. He should have authority to 
request engineering assistance when 
any construction is being considered 
and assistance from technical and oper- 
ating personnel when delving into the 
possibilities of process changes. The 
active support of management will be 
needed in carrying out an educational 
campaign among employees, and in 
making the necessary funds available 
for carrying out the program and in- 
stalling needed equipment. 

The Atlantic Refining Company 
waste control organization at Philadel- 
phia is an excellent example of what 
may be developed where many prob- 
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lems exist at one plant. Here, the 
organization includes a waste specialist, 
two assistants and a staff of eleven men 
who are laboratory workers and me- 
chanics. There is also a separate lab- 
oratory for waste analyses and semi- 
works seale equipment for testing 
various treatment processes. Close liai- 
son is maintained with the operating, 
research and development, and engi- 
neering departments. 

Where a company has several scat- 
tered plants with waste problems, it is 
desirable not only to have the individ- 
ual plant organizations as outlined 
above but also to have an over-all com- 
pany waste specialist. His duties 
would be to coordinate the efforts of 
the several plant groups and provide 
an exchange of information between 
them. If the plant’s problems are of a 
similar nature, it may be possible to 
use men on the plant waste jobs who 
are not as highly specialized as would 
be necessary if they could not eall on 
the company waste specialist for guid- 
ance and technical assistance. The 
services of an outside consultant may 
still be desirable on special problems. 
A company operating several textile 
mills would be an example where this 
type of organization might be desirable. 


The Large Company 


The waste organization for a large 
company is the same as the one outlined 
for the medium-sized company except 
that refinements are added which re- 
quire a larger central staff and coordi- 
nation with other specialized groups 
not existing in smaller companies. One 
device used by du Pont for eoordina- 
tion of effort—described in detail later 
—is a company-wide pollution abate- 
ment committee. The General Motors 
Corporation also has a similar eommit- 
tee and undoubtedly other large com- 
panies use the same device. 

The location of the working force 
spearheading a company’s abatement 


program may fall under any of several 
departments, 


such as administration, 
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engineering, development, or opera 
tions, but in a majority of cases it 
seems advisable to choose the engineer 
ing department. The extent of work 
performed beyond that of promotion 
and coordination varies widely and de- 
pends to a great extent on the partic- 
ular company organization. 

While the large company may not be 
of interest to a majority of people, it 
does become a good example of details, 
some of which may be of benefit to the 
small or medium-size company under 
special circumstances. The section be- 
low on ‘‘ Administration of Waste Con- 
trol Program’”’ is given from the large 
company point of view. 

The above deseription of waste con- 
trol organizations has been 
the size of a company, but there are 
some notable exceptions to such an as- 
sumption. In the utilities field some 
very large companies operate at numer 
ous locations in many states, vet. by 
the nature of their business, 
rarely become a problem. These large 
companies need only to use the small 
business approach of having the loeal 
manager solve any small problem, and 
eall in a consultant if needed for any 
unusual and difficult circumstances. 


based on 


wastes 


Administration of Waste Control 
Program 


The basie administrative step needed 
for the functioning of a waste control] 
program is the establishment and issu- 
ance by top management of a policy 
regarding waste disposal and stream 


pollution. It should clearly indicate 
that management requires adequate 
consideration of waste disposal so that 
no conditions will be created which 
cause nuisance or damage or violate 
established governmental regulations. 
In addition, management must express 
a willingness to allocate funds for 
waste disposal work and establish rules 
which require the inclusion of neces- 
sary waste disposal facilities in each 
new project for which 
granted. 
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To carry out the company policy 
the responsibilities and functions may 
be broken down by departments as 
follows : 


Research and Development Departnent 


Each new process developed should 
not be considered complete until the 
volume characteristics of the 
wastes produced have been determined 
and possible treatment 
vised. If research people are aware of 
the restrictions likely to be placed on 


and 


methods de- 


wastes, process methods may sometimes 
be devised which will reduce or elimi- 
nate waste treatment requirements. 


Engimeering Department 


The design of all projects should in- 
clude the necessary facilities to provide 
a waste effluent which when diluted in 
the stream will not cause nuisance or 
and will meet with the ap- 
proval of the control agency in the area 
where the project is to be built. The 
necessary state permits are usually ob- 
tained by this department. In dealing 
with state control authorities it will be 
found that these men are either tech- 
nically trained or have the benefit of 
advice from objective technical men. 
This results in a spirit of reasonable- 
ness and cooperation and a willingness 
to meet industry halfway. In connee- 
tion with all site surveys and plant ex- 
waste limitations 
should be determined and made known 
to the officials responsible for the final 
selection. 


damage, 


pansions, disposal 


Consulting service should be 
provided for plant organizations and 
other company departments. 


Medical Department 


When a question of toxicity to hu- 
man beings becomes a problem, the 
medical department should accumulate 
evidence and set the limiting conecentra- 
tions. At the River Rouge plant of 
the Ford Motor Company, the Medieal 
Department is responsible for the wa- 
ter and waste laboratory which not 
only makes analyses but also carries 
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out waste surveys and initiates research 
projects. It represents the company at 
conferences and discussions of techni- 
cal problems with any of the govern- 
mental health authorities. 


Public Relations Department 


The publie relations department 
should be well informed on its com- 
pany’s waste activities so that it can 
participate in all publie relations as- 
pects of the pollution abatement pro- 
gram. In the development of two new 
du Pont plant sites, for example, the 
company has recently received letters 
from local citizens inquiring about the 
probable influence of the plant wastes 
on the local streams. In each case, due 
to prior planning and conferences with 
state authorities, assurance could be 
given that no damage would result 
from the proposed operations. 


Legal Department 

Since the close of the war, state legis- 
latures have been very active in pro- 
mulgating new pollution control laws 
and providing funds for their enforce- 
ment. A member of the legal depart- 
ment designated to follow this activity 
will be able to advise interested per- 
sonnel in the company of the new or 
changed laws. 


Operating Department 


In the final analvsis, it is the operat- 
ing department which has to nurse 
along the new process whether it be a 
lion or a lamb. The design effort has 
been to make it a lamb, but plant seale 
operations sometimes produce different 
results from those expected. <A series 
of samples and analyses will have to be 
made to determine the actual waste 
characteristies. 

Old operations may have fallen be- 
hind the advancing requirements of 
new laws, and it is the plant waste spe- 
cialist’s responsibility to investigate 
and recommend, if not decide, remedial 
measures. At a certain plant about 20 
vears old the wastes had never been 
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seriously studied until recently. <A 
technical man familiar with the proe- 
esses was assigned the sole duty of ree- 
ommending methods of waste reduction 
and treatment. After careful study 
and investigation, including sampling 
and analyses, he was able to save more 
than $70,000 per vear by merely chang- 
ing a few pipes and valves, and the 
operating procedure. Many instances 
of recovery equipment paying for it- 
self in a year or two are well known, 
but profitable waste reduction ‘methods 
must not always be expected. 

Another function at each plant 
should be the maintenance of adequate 
records. When expansions are made, 
when new laws are based on wastes dis- 
charged as of a certain date, when false 
allegations are made, when process effi- 
ciencies are being caleulated, when a 
study is required to determine the ea- 
pacity of the stream to assimilate 
wastes, or when estimates are being 
made of the waste load expected from 
a new plant which happens to be simi- 
lar to an existing plant, a long series 
of plant effluent analyses will be of 
ereat help. 


Salvage and Reclamation Department 


The waste products being washed to 
the sewers of a plant should be investi- 
vated at intervals for possible salvage 
value. With changing markets. new 
uses and cheaper recovery methods, 
some substances considered valueless 
in the past may be recovered at a profit. 
The fermentation industry is a recent 
example. The modern grain processing 
plant has been able to make a eonsider- 
able profit by converting wastes to ani- 
mal feed. 


The du Pont Waste Control 
Organization 
As an example of what has evolved 
in a company with many and varied in- 
dustrial waste disposal problems. the 
du Pont Company organization and ad- 
ministration for the control of wastes 
will be described. The company, as 
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you know, is a large, diversified chem- 
ical concern. In the chemical industry 
the normal life of many processes seems 
to be notoriously short due to chang- 
ing conditions and the advancements 
being constantly made in technological 
knowledge. This characteristic of the 
business continually creates new waste 
problems which must receive adequate 
attention. The organization contains 
ten operating departments, each of 
which maintains its own production 
and research organizations and is un- 
der a general manager reporting to an 
executive committee which in return 
reports to a board of directors. In ad- 
dition, there are several auxiliary de- 
partments including chemical, engi- 
neering, publie relations, legal, medical 
and service. 

Company practice has established a 
policy which attempts to abate any wa- 
ter pollution that will cause nuisance 
or develop conditions failing to con- 
form to prevailing regulations. To im- 
plement the policy, rules have been 
issued authorizing appropriation re- 
quests to be made for these purposes 
without regard to return on invest- 
ment. Another rule requires that 
every project proposed must include a 
consideration of the necessary facili- 
ties for adequate disposal of waste. 

With money available, the other im- 
portant requisite is to have people in 
high enough administrative positions 
appreciate and understand the neces- 
sity for such work and see that it is 
civen full consideration. This has been 
facilitated by the formation of a com- 
pany Pollution Abatement Committee. 
Each operating department and the in- 
terested auxiliary departments are rep- 
resented by one or more individuals 
who are sufficiently high in their par- 
ticular group to influence 
These men meet five times a year to 
discuss current activities and pollution 
abatement both within and without the 
company. In addition to the meetings, 
new information on legislation, public- 
ity, ete., is sometimes circularized by 


decisions. 
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letter, and a company-wide compilation 
of investment in waste facilities has 
been made through the committee’s ef- 
forts. The Engineering Department is 
responsible for coordinating the organ- 
ization. 

Within the Industrial Engineering 
Division of the Engineering Depart- 
ment, there is a small group of men 
who spend full time on waste disposal 
and pollution abatement problems. 
These men act as consultants to assist 
any other company group on request. 
Advice is given not only to individual 
plants. both large and small, but also 
to other divisions within the Engineer- 
ing Department itself concerning de- 
sign, plant expansions, plant 
studies, evaluation of processes and 
permits. Assistance is also given by 
this group on publie relations matters 
involving waste. Various members 
represent the company on technical 
committees of organizations such as the 
American Institute of Chemical Engi- 
neers and the Manufacturing Chemists’ 
Association. The functions outlined 
above under the section on ‘‘ Adminis- 
tration of Waste Control Program”’ are 
earried out by the appropriate de- 
partment. 

At most of the larger plants, one or 
more men spend full time in running 


site 


continuous waste surveys, developing 
methods for waste recovery or treat- 


ment, and in  edueating personnel 
through talks and motion pictures. 
These men are usually engineers or 
chemists in the plant Technical Sec- 
tion or the Power and Water Operat- 
ing Groups. It is sometimes convenient 
to have the work done under the plant 
engineer. These plants operate in the 
same manner as outlined for the med- 
ium-size company. At the smaller 
plants the procedure followed is similar 
to that outlined for a small company. 
The services of the Engineering De- 
partment waste consultants are avail- 
able to the plant on request, or if de- 
sired, outside consultants may be called 
in. Many of the operating departments 
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transmit to their plant managers the 
information developed at the Pollution 
Abatement Committee meetings, which 
in turn keeps the small plant manager 
better informed. 

Most plants have laboratories in 
which necessary analyses of the wastes 
and receiving waters ean be made. If 
any locations are lacking in these 
facilities the service of an outside 
laboratory or that of the Chemical 
Department—which maintains general 
laboratories at headquarters in Wil- 
mington—can be called upon to per- 
form the desired tests. Where very 
specialized data are desired, such as 
the toxicity to fish of a certain com- 
pound, the services of outside research 
groups are sometimes enlisted. In con- 
nection with toxicity to human beings, 
the services of the company’s Haskell 
Laboratory of Toxicology are always 
available. 

It is apparent from this description 
that a company pollution abatement 


INDUSTRIAL WASTE CONTROL 


273 


organization can become an extensive 
and costly undertaking, but there are 
worthwhile compensations to be de- 
rived from operating economies and in 
the furtherance of a company’s objec- 
tive to be a ‘‘good neighbor.’’ The so- 
lution of all waste disposal problems is 
a goal not easily achieved. In the auth- 
or’s company there are many problems, 
some quite involved, the solution of 
which is still undetermined. 


Conclusion 


If industry is to meet its responsibil- 
ity to the public for proper waste dis- 
posal and avoid haphazard and ineffi- 
cient measures based on temporary 
expediency, it will in many cases be 
necessary for individual companies to 
review their policies and procedures 
for handling this important subject, 
and incorporate into their internal or- 
ganization the necessary personnel and 
administrative provisions. 


THE INDUSTRIAL PLANT WASTE DISPOSAL 
SURVEY * 


By Roy F. Weston, Ronert G. MerRMAN, AND JosepH G. DEMANN 


Respectively, Sanitary Enginee 
Waste Control Laboratory, The 


It is the primary objective of the in- 
dustrial plant waste disposal survey to 
obtain information 
the selection of adequate and econom- 
ical pollution abatement procedures. 
The successful attainment of this ob- 
jective is dependent on the point of 
view of management and responsible 
technical personnel, the administrative 
organization for handling pollution 
abatement activities and the technical 
approach to the problem. Although 
point of view and administrative or- 
ganization may be just as important as 


basie essential to 


technical approach in obtaining a ‘‘so- 
lution’? to a pollution abatement prob- 
lem, space will permit only a brief dis 
cussion of technical factors. 

It has been 
conduct the plant survey in four basie 
steps. 


found advantageous to 


These are: 


1. A comprehensive survey of the 
plant and the receiving stream to es- 
tablish the basie pollution abatement 
problem. 

2. Research investigations to devise 
abatement procedures or processes 

3. Development work to establish the 
applicability and 
posed methods. 


economics of pro 


4. Engineering surveys to define the 
layout and physical aspects of the ex 
isting plant pertinent to the selection 
of pollution abatement procedures. 


In devising the pollution abatement 
program, an important basie concept 
which should be borne in mind at all 


* Presented at 
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Assn., State College, August 25-27, 1948. 


r, Assistant Sanitary Engineer and Biologist-Chemist, 
{tlantic Refining Co., Philadelphia, Pa. 


times is that pollution abatement is not 
necessarily synonymous with waste 
treatment. That is, the abatement of 
pollution may be partially or com- 
pletely accomplished by conservation 
measures, waste utilization procedures 
and/or process changes without pro- 
viding waste treatment facilities. With 
the foregoing outline of procedures and 
basie concept it is possible to devise the 
detailed procedures of the program. 


Comprehensive Survey 

The comprehensive survey should in- 
clude a quantitative survey of the char- 
acteristics and flow of the various plant 
effluents and of the receiving stream 
and, concurrently, a qualitative process 
survey of the plant to establish the 
type and location of the various sources 
of pollution. 
tions should be made of trouble areas 


Then, detailed investiga- 


and troublesome processes, 
The quantitative — effluent 
should characterize waste quality rela- 
tive to the constituents : 
(1 suspended solids. (2) turbidity, 
3 eolor, { 4 ) 
that is, 


5 dissolved solids, 


survey 
following 


oxygen consuming ma- 

B.O.D. and/or C.O.D., 
6) pH, alkalinity 
and 
(8) immiscible liquids or floating sol- 
ids, (9) temperature and (10) toxicity 
to aquatie life (7). 

The above constituents have been se- 
lected on the basis of their effects on 
the cleanliness and usefulness of sur- 
(1.2). The concentration 
of these constituents is the minimum 
that should be known about the waste 
and should be determined in all cases, 


terials; 


and/or acidity, (7) taste odor, 


face waters 
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unless prior studies of similar plants 
have demonstrated that some of them 
are unimportant in the specific pollu- 
tion problem. In some cases a more de- 
tailed knowledge of the wastes may be 
advisable, so that the above list should 
be expanded. If similar qualities, plus 
dissolved oxygen content, are deter- 
mined on the receiving stream above 
and below the point of plant discharge, 
the relative pollution caused by the 
plant may be evaluated. Thus, the ef- 
fluent survey, plus the stream survey, 
will vield information that may be con- 
sidered in the light of govermental reg- 
ulations or water quality requirements 
of downstream users to establish the 
basic pollution problem requiring cor- 
rection. The information ob- 
tained provides a basis for inaugurat- 
ing conservation measures, making 
process changes and installing waste 
treatment facilities. 

The effluent survey is a very impor- 
tant phase of the pollution abatement 
program. The importance of this 
phase of the program justifies a gen- 
eral discussion of sampling apparatus 
and procedures, data organization and 
analysis techniques, flow measuring 
equipment and estimating methods, 
personnel and facility requirements. 

The problem of sampling and the in- 
terpretation of data obtained on the 
sample is probably one of the most im- 
portant aspects of the program. It is 
the objective of sampling to collect 
small portions of the waste water 
stream that are typical of the quality 
of the whole. Consequently, after the 
samples have been collected and their 
characteristics determined, it is pre- 
sumed that such characteristics are 
tvpieal of current conditions. Beeause 
relatively large investments may be in- 
volved in providing corrective mea- 
sures, it is positively essential that the 
sampling procedures shall be sound. 


Sampling Frequency 


It has been customary to collect 24- 
hr. samples composited in proportion 
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to flow. Such samples, if properly col- 
lected, stored and analyzed, may give a 
good picture of the characteristics of 
the wastes, using the day as the ele- 
mentary unit of time. The 24-hr. com- 
posite sample has proven reasonably 
satisfactory for evaluating B.O.D. and 
solids loadings on streams and simple 
treatment devices, but it is question- 
able if the time period is sufficiently 
short for many types of industrial 
wastes. 

It is known that gross industrial pol- 
lution of some types, for a time interval 
of one hour or less, can cause stream 
damage requiring a lifetime to restore. 
Obviously, in such types of pollution 
it is necessary to know what happens 
in shorter time intervals than 24 hours. 
In other cases, the variations within a 
24-hr. period may overload treatment 
facilities so that satisfactory operation 
may be difficult to attain. In the case 
of both acid and alkali wastes, a 24-hr. 
composite sample may indicate a neu- 
tral waste, although hourly samples 
would indicate both highly acidie and 
highly alkaline characteristics. In ad- 
dition to the several typical reasons 
given above, a statistical approach to 
the problem definitely indicates the ad- 
visability of collecting samples on a 
shorter time interval basis than 24 
hours. Typical data showing the in- 
fluence of sampling procedures on 
values obtained are shown in Figure 1. 
These data indicate that the 2-hr. com- 
posite gives more consistent values than 
the 2-hr. spot samples and a wider 
range of values than the 24-hr. com- 
posite. Such observations are reason- 
able and are to be expected. They in- 
dicate that short time composite sam- 
ples will probably give the most reliable 
information. It has been found ad- 
vantageous to collect a series of 24-hr. 
composite samples for complete analy- 
sis and then to collect a series of 2-hr. 
composite samples for the analysis of 
only those characteristics found to be 
most important. 


= 
ou 
% 
Gp 
; 


SEWAGE WORKS JOURNAL 


+ 


24-HOUR COMPOSITE 
t +CAMPLE 


2-HOUR COMPOSITE 
SAMPLE 


% FREQUENCY, 


_ WASTE WATER QUALITY |AS DETERMINED 
|USING DIFFERENT $AMPLING PROGEDURES 
FicuRgt 


| SPOT SAMPLE 
AT 2- HOUR INTERVAY 


March, 1949 


NOTE: SAMPLES WERE COLLECTED 

_ SIMULTANEOUSLY FOR A 
10- DAY PERIOD. | 


‘ + — 


600.700 100 
TURBIOITY - PPM 


FIGURE 1.—Waste water quality as determined by different sampling procedures. 


Interpretation of Data 

The interpretation of the data ob- 
tained is intimately associated with the 
method of sampling. It has been found 
convenient to organize the data in ac- 
cordance with its frequency of oceur- 
rence as shown on the _ probability 
curve, Figure 2, and the histogram, 
Figure 3. If the factors influencing 
the character of a waste are numerous 
and of the same order of magnitude, 
the data should plot in a straight line 
on arithmetic probability paper and 
should plot as a normal frequency 
eurve on the histogram. If, on the 
other hand, the factors influencing 
waste quality are few in number, or if 
one or two factors are large in compar- 
ison with all others, the data may be 
expected to give a skewed distribution, 
as shown on the histogram, Figure 3, 
and may plot as a straight line on loga- 
rithmie probability paper, as shown on 
Figure 2. By plotting sample quality 
versus time, it is possible to determine 
whether or not there are cycling oc- 
currences that may influence distribu- 
tion. Such oceurrences will tend to 
give skewed distribution. Random oc- 


currences should tend to give normal 
distribution. 

The approach makes it 
possible to estimate average conditions 


statistical 


and the normal variations in quality 
that may oceur. It is also possible to 
determine the confidence that may be 
placed in any mean value or variance 
of a given number of samples, or it is 
possible to estimate approximately the 
number of samples required to give the 
desired limits of confidence in the sam- 
ple value obtained. 

Adequate data and the proper anal- 
vsis of the same makes it possible to 
estimate average conditions and the ex- 
tremes for which design may be neces- 
sary. It also makes it possible to evalu- 
ate process and waste disposal practice 
within the plant, and to determine the 
desirability of making process changes 
or installing waste treatment facilities. 
The application of statistical methods 
to analyzing such problems provides a 
valuable aid to judgment. In the fu- 
ture much will be heard about the ap- 
plication of statistical techniques to 
waste disposal problems. 
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FIGURE 2.—Illustrations of typical probability curves for a waste water characteristic. 
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FIGURE 3.—Illustrations of typical distributions in waste water quality. 
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Sampling Techniques and Equipment 
Sampling techniques and equipment 
will also influence the validity of data. 
In general, the flow conditions in the 
sewer will assure good mixing of water- 
soluble or colloidal materials so that the 
waste quality will be uniform from 
point to point within the sewer. This 
is not true of settleable and floating 
materials. In the case of such mate- 
rials, special techniques and equipment 
may have to be used to allow for the 
distribution of concentration with 
depth of flow. The sampling technique 
and the equipment involved will de- 
pend on the specifie problem, so it is 
impractical to attempt a detailed dis- 
cussion of the subject at this time. 
Various sampling devices are avail 
able for collecting both continuous and 
spot samples. The continuous sampler 
obviously collects the more typical sam 
ple, so it is recommended for most 
cases. Two practical and acceptable 
types of automatic samplers are those 
employing a rotating scoop or a time 
evele-operated solenoid valve (9). In 
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either type of sampler it is possible to 
provide control mechanisms so that the 
quantity of sample collected is directly 
proportional to the metered rate of 
waste water flow. The rotating-seoop 
type of sampler is probably more re- 
liable for waste waters containing large 
quantities of suspended solids. A 
homemade sampler of each type. is 
shown in Figure 4. 

In the case 24-hr. composite samples 
are to be collected of oxygen-consuming 
wastes, the sample container should be 
stored under refrigeration. If samples 
are to be collected for the determina- 
tion of oil, a separate container should 
be used for that analysis. In any sam- 
pler installation, considerable thought 
should be given to the location of the 
sampling point or points. This is im- 
portant because it must be remembered 
that the reliability of the analytical 
data is no better than the accuraey of 
the sample. 

Sampling procedures using a single 
inlet and a centrifugal pump for sam- 
ple collection are recommended for sol- 
uble or colloidal waste materials. Spe- 
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FIGURE 4.—Two types of automatic samplers. 
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cial sampling procedures may have to 
be used for settleable solids and float- 
ing materials. 

It is important that the activities 
within the plant should be known at 
the time of sampling. If major units 
are down or if major products are not 
in the process of manufacture, the ef- 
fect of these units or operations must 
be considered in analyzing and inter- 
preting the data. Seasonal variations 
in waste water quality may be a big 
factor in some plants, so that samples 
will need to be collected at the time of 
each seasonal operation. In any case, 
an effort should be made to collect sam- 
ples so as to obtain a typical cross-sec- 
tion of the waste quality. 


Flow Measurement 


An accurate estimation of flow and 
its variations is just as important as an 
accurate estimate of waste water qual- 
itv. Numerous devices are available 
for flow estimation. They include ree- 
tangular, triangular or broad-crested 
weirs, Venturi flumes, nozzles, orifices 
and others (3). Continuous recording 
devices are available for such facilities. 
Submerged weirs may be used to ad- 
vantage in some eases of low available 
head (4). Bentzel velocity tubes or 
floats may be used advantageously for 
determining spot rates of flows in sew- 
ers. In 
radioactive 


some cases salt solutions or 
materials may be used 
along with appropriate feeding devices 
and instruments for estimating spot 
rates of flow or for continuous flow ree- 
ords. Obviously, continuous records 
are much superior to intermittent or 
spot records and should be used in 
practically all cases. It is essential 
that the flow data be correlated with 
the sample analytical data. 

In many plants both process drainage 
and storm water drainage are handled 
in a single, combined sewer system. 
Depending on the type of plant in- 
volved, it may be necessary to treat a 
portion or all of the storm water drain- 


INDUSTRIAL WASTE DISPOSAL SURVEY 


279 


age in addition to the dry weather flow. 
In practically all cases the installation 
of storm water overflow or by-pass fa- 
cilities will be required. Consequently, 
it will be necessary to estimate storm 
water flow. The use of continuous flow 
records on the plant effluent affords an 
excellent opportunity to obtain data 
for making estimates of runoff. A coi- 
tinuous flow record makes it possible to 
develop a ‘unit hydrograph’”! for the 
area under study (5). Such a hydro- 
vraph reflects the detailed storm water 
runoff characteristics of the area in- 
volved and probably affords the most 
satisfactory means of estimating the 
flow for ‘‘design Rainfall 
data are essential to the use of the unit 
hydrograph principle. Although a 
continuous record of loeal origin is 
preferable, fractional hourly data from 
the most simple type of rain gauge may 
be satisfactory. Using loeal rainfall 
and runoff data, it is possible to deter- 
mine rainfall losses or runoff coeffi- 
cients for the area and to determine 
the hydrograph characteristics. 
Analysis of rainfall and runoff data 
to determine a ‘‘unit storm’” and a 
‘unit hydrograph’’ will make it pos- 
sible to use such data in the synthesis 
of a hydrograph for a ‘‘design storm.”’ 
In estimating a ‘‘design storm’” of 
one, five, ten or more years frequency, 
the Department of Agriculture Miscel- 
laneous Publication No. 204 has proven 
to be most helpful (6). A comparison 
of an actual hydrograph with a syn- 
thesized hydrograph derived from a 


storms. 


1 The ‘‘unit hydrograph 
of surface runoff from a given area, due to 


is the hydrograph 


excess rainfall for a unit of time. The unit 
of time should be 44 to 14 of the runoff eon- 
centration time for the area. 

2A ‘‘unit storm’’ is any storm occurring 
in the interval selected for the ‘‘unit hydro- 
graph.’’ The commonplace storm will usu- 
ally be made up of one or more ‘‘unit 
storms.’’ 

3A ‘*design storm’’ is a rainfall of the 
duration and quantity of precipitation for 
which it is considered advisable to design. 
Usually it will inelude more than one ‘‘unit 
storm.’’ 
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‘‘unit storm’’ and a ‘ 
shown on Figure 5. 
Flow data on the receiving streams 
may be obtained from U. S. Geological 
Survey or State Geological Survey 
stream flow data. If such is not avail- 
able locally it may be possible to esti- 
mate flows based on total drainage area 
and data from upstream stations. In 
the event of small streams on which 
there are no data available, it may be 
possible to install standard flow meas- 
uring stations at relatively low cost. 


‘unit graph’’ is 


Process Survey 

It is desirable to conduct a qualita- 
tive process survey concurrently with 
the effluent and stream surveys. It is 
the purpose of this procedure to estab- 
lish each and every source of waste, to 
describe its general characteristics and 
probable constituents, and to estimate 
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roughly its quantity and frequency of 
occurrence. 

With such data, it is possible to clas- 
sify the wastes originating in the plant 
as to type and to locate their source on 
a plant map. Such a map has proven 
to be of considerable value in designing 
survey programs, in defining the prac- 
ticability of the segregation and collee- 
tion of similar wastes, in determining 
treatment plans, and in explaining and 
justifying various proposals. 

On the basis of data on the character- 
istics of the plant wastes and the quali- 
tative process survey it is possible to 
determine the several areas or units in 
need of more detailed investigation. 
Then, quantitative data on waste water 
qualities and flow rates can be obtained 
as needed to definitely define the local 
problem. Thus, by an organized pro- 
cedure, data are obtained to define the 
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FIGURE 5.—A comparison of actual storm water runoff with a synthesized hydrograph. 
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plant problems, local area problems, 
and, finally, unit problems. With such 
a background of information it is pos- 
sible to proceed with the program to 
arrive at a practical and economical 
solution. 


Research and Development 


No adequate waste disposal survey is 
complete without research and develop- 
ment work. A study must be made of 
the prior art. Various test tube or 
table top investigations are essential 
and pilot plant work is highly desir- 
able. Although relatively little has 
been published concerning industrial 
wastes, a survey of English language 
literature alone will reveal some refer- 
ences concerning almost every major 
problem. Literature on waste disposal 
practices may be found in numerous 
places. It is indeed fortunate, how- 
ever, if an organized bibiliography is 
available. 

In addition to a review of the prior 
art in waste disposal, it may be neces- 
sary to investigate the process litera- 
ture to determine the possibilities of 
pollution abatement by process change. 
This is generally the most satisfactory 
solution to such problems, if feasible. 
Consequently, such possibilities should 
be investigated most thoroughly be- 
cause without a doubt the best solution 
to a waste disposal problem is to elimi- 
nate the waste. 

In some cases, waste utilization pro- 
cedures may be practical. Generally, 
industrial technicians have already 
provided by-product recovery processes 
for all those wastes which may be re- 
covered at a profit. Consequently, it 
is rare that a waste disposal survey 
will reveal an obvious need for recov- 
ery and/or utilization measures. How- 
ever, the need for waste disposal alters 
the economics of waste recovery and 
utilization. It may be justified on the 
basis that it is the most economical 
method for abating pollution, although 
it does not make a profit for the indus- 
try. A number of factors, such as the 
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reliability of the source of materials, 
the market requirements and trends, 
the technical trends in processing, the 
control of patents, the available tech- 
nical service and sales organizations, in 
addition to convenience, risk and first 
cost, may all influence the final de- 
cisions (8). Therefore, utilization may 
not be advisable, although possible. 
The process literature should neverthe- 
less be reviewed with the thought in 
mind that waste recovery or utilization 
is a possibility. 

Although a review of the prior art 
is essential, it should be used only as 
a guide to the solution of the local 
problem. Frequently, generalized pub- 
lished information describes only the 
obvious problems of an industry and 
recommends corrective measures to 
solve only those particular problems, 
although others may require attention. 

There is generally more than one 
way to solve a problem. The possibili- 
ties and probable economies of differ- 
ent methods should be tested in the 
laboratory. Preliminary investigations 
that are well organized but unencum- 
bered by refinement will generally in- 
dieate the possibility of success of a 
process. If suecess seems probable, ex- 
periments may be designed to demon- 
strate the influence of the various vari- 
ables of treatment or processing. 

In research work, as well as sam- 
pling, the statistical approach to the 
problem is advisable. A fundamental 
understanding of the theory of statis- 
ties will make it possible to design ex- 
periments so as to obtain the maximum 
information with the minimum of ef- 
fort. The statistical approach to re- 
search problems is particularly advan- 
tageous because it necessitates a 
thorough analysis of the variables of 
the problem and it provides the ways 
and means of estimating the reliability 
of the results. Mathematical ‘‘tests of 
significance’’ aid in classifying differ- 
ences in results obtained by various 
treatment methods as due to chance or 
to real and inherent variations in treat- 
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ment. Excellent sources of material 
for assistance in the design of experi- 
ments include ‘‘The Design of Ex- 
periments’’ by R. A. Fisher, and ‘‘In- 
dustrial Experimentation’’ by K. A. 
Brownlee. 


Pilot Plant Studies 


If the investment for waste disposal 
is relatively large, or if the process to 
be used is new, pilot plant investiga- 
tions are essential. Extrapolation 
from test tubes, beakers and flasks to 
full facilities is generally too 
large for a safe basis of design. 
sequently, semi-works size installations 
should be tried to test the practicabil- 
ity and economies of the proposed pro- 
cedures under plant conditions. 

If the variables of operation are 
many and the investment large, the 
facilities should be provided in dupli- 
cate. Duplicate facilities are highly ad- 
vantageous because, in most cases, the 
variations in waste water quality are 
so great that it is practically impossible 
to evaluate differences in treatment 
procedures unless comparisons are 
available on the identical waste. Even 
in the case of duplicate units, experi- 
ence has demonstrated that small differ- 
ences in operation efficiency cannot be 
established as ‘‘significant’’ 
large number of runs are available for 
comparison, 

In pilot plant work also the statis- 
tical approach to the problem is most 
valuable, if not essential. Sampling 
procedures for determining pilot plant 
efficiencies are most effective when 1- 
or 2-hr. composite samples are collected 
in the place of the customary 8- or 24- 
hr. composites. A proper analysis of 
the pilot plant operation data affords 
a sound basis for estimating treatment 
efficiencies, variables of operation, ac- 
cumulation of by-products and other 
valuable information. 
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Physical Plant Survey 


The physical lay-out of the plant de- 
termines to no small extent the most 
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economical procedures and equipment 
for abating pollution. Consequently, 
engineering survey information should 
be made available. Such information 
should inelude seale drawings of the 
plant showing roads, structures and all 
utilities, ineluding sewers, water, 
air, and power, and sig- 
nificant elevations. Information should 
available to indicate 
conditions and ground water levels. 

With plant and stream survey data, 
a background of the prior art, research 
and pilot plant information and engi- 
neering knowledge, it 
select adequate and economical pollu- 
tion abatement procedures. 


steam, 


was 


also be subsoil 


is possible to 


Personnel Requirements 

The personnel required to conduct 
the investigations above 
should be well trained in the appropri- 
ate phases of engineering, chemistry 
and biology. Although the engineer 
must determine the information re- 
quired and must make the ultimate de- 
cision for the solution of the problem, 
he is dependent on the chemist and 
biologist for a large part of the basie 
The 
importance of biology in 
evaluating pollution problems and the 
general use of biological treatment pro- 
cedures indicate a need for a chemist 
with a strong biology background, or 
vice versa, in all pollution abatement 
organizations. Large organizations can 
well afford specialists in both branches 
of science. 

Although the technical aspects of 
pollution abatement are no more com- 
plex or diffieult than many other phases 
of industrial activity, a specialized 
background of training and experience 
in the field is a practical necessity. 
The only reasonable substitute for ap- 
propriate training and experience is a 
very good general technical background 
supported by both initiative and sound 
judgment. It has been found that 
high caliber non-technical personnel 
ean be trained for both field and lab- 
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oratory activities. A ratio of two non- 
technical men to one technical man is 
the maximum recommended. 

A breakdown of man power require- 
ments for analytical work is presented 
in Tables I and IT as an aid to the se- 
lection of personnel for a_predeter- 
mined program. 

Experience in several plants has 
demonstrated that water analysis work 
should be assigned to a single indi- 
vidual and that he and those perma- 
nently assigned to work with him 
should have space and apparatus that 
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are independent of the other labora- 
tory activities. 


Application of the Survey 


As previously stated, pollution abate- 
ment does not necessarily mean waste 
treatment. The possibility of pollu- 
tion abatement by other means should 
be borne in mind while conducting the 
plant survey. Consequently, several 
possibilities that may aid in providing 
an economical solution to the problem 
are summarized as follows: 


-An Outline of Personnel Requirements for Various Analytical Programs 


| Tir Assignment of Analyses 
ne 
Required | ———— 
to An | 
| - Schedule | Schedule 
| Samples | 0.1 | No.2 | No. é 
(Min.) | “One | Two | One 


Se hedule | | Se hedule 


‘Two 
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pH 
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Turbidity 

Color 
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Dissolved Oxygen 

Total Dissolved 
Solids 

Toxicity to Fish 

Temperature 

Total Hardness 
(calcium and 
magnesium ions) 

Chlorides 

Sulfates 

Specifie Cond. 

Iron 

Oil or Grease 

Phenol 

Sulfides 

Total Org. 
Nitrogen 

Ammonia 

Nitrite 

Nitrate 

Phosphorus 

Chlorine Demand 

Ammonia by Dist. 

Silica 

Copper 

Chromium 

Aluminum 
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| Se | Se le | 


(man- 
hours) hours) 


| 
Personnel | 
| 


. Chemist: | 
Testing | 65.4 
Miscellaneous Duties 2.6 

. Laboratory Assistant: 

Testing 

Miscellaneous Duties 
3. Utility: 

Testing 

Miscellaneous Duties 


Schedule 
| No.3 


(mnan- 
hours) 


| Schedule 
No.4 | 
(man- 
hours) 


Remarks 


= ‘he mist- -Biologist 
| A’? = Laboratory Assistant 
= Utility Man 
Schedules 1 and 2 include the 
minimum number of tests 
recommended. 
| Schedules 3 and 4 include a 
series of tests on which time 
data was available. 
| Miscellaneous duties include: 
1. Preparing reagents. 
2. Ordering materials. 
3. Compiling reports. 
4. Supervision. 
5. Glassware washing. 


1 More time has been allotted than the essential minimum. 


1. Elimination of wastes or change 
in waste characteristics by recovery or 
utilization, process change or changes 
in operation routine. 

2. Reduction in the quantity of waste 
by conservation measures, good house- 
keeping, operation control and those 
procedures listed under No. 1 above. 

3. Segregation of different types of 
wastes and/or the separation of wastes 
from clean water by the use of sepa- 
rate sewer systems. This may also in- 
clude the separation of storm water 
flow from process flow or the use of 
cooling towers to reduce the quantity 
of water to be treated. 

In addition to the above, relatively 
small local plants may be installed for 
treating concentrated wastes, or stor- 
age and compositing facilities may be 
provided for controlling the discharge 
of wastes so as to reduce the require- 
ments of general treatment. 

In view of the relatively large ex- 
penditures involved in the adequate 
abatement of pollution, it is advisable 
to organize the plant program and to 
select abatement procedures with an 
eye to the protection of that invest- 
ment. The assured increase in pollu- 
tion due to increases in population 


and industrial expansion, the increas- 
ing emphasis on the importance of 
sanitation in publie health matters 
and the greater interest in the use of 
waters for recreation all point to the 
advisability of selecting abatement 
procedures with due consideration of 
the probable more highly restrictive 
requirements of the future. The tenta- 
tive status of existing standards and 
requirements give credence to such a 
poliey. 

It is important that the procedures 
selected shall provide treatment 100 
per cent of the time. The installation 
of facilities that require the by-pass of 
untreated wastes at times of emergency 
or routine shutdown may nullify the 
accomplishments of months of assidu- 
ous operation of expensive equipment. 
Plant expansion or changes 
may overload treatment facilities so 
as to reduce efficiency or may make the 
procedures provided ineffective. Con- 
sequently, the selection of abatement 
equipment should be made on the basis 
of its adaptability to expansion and 
change. 

In any case, administrative routine 
should make possible the study of the 
effect of process additions or changes 


process 
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on pollution abatement at the time of 
the development of such plans. Ree- 
ommendations made at that time may 
reduce trouble and expense after in- 
stallation. Due consideration of these 
factors at the time of conducting the 
plant survey may aid in obtaining the 
most useful information. 

The foregoing paragraphs have out- 
lined, in a general way, an approach 
to the proposition of obtaining basic 
information to solve a plant waste dis- 
posal problem. The discussion has pre- 
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supposed the desirability and need of 
a comprehensive program to assure the 
most economical course. Obviously, the 
amount of investigational research and 
development work carried out must be 
governed by the magnitude and com- 
plexity of the problem. The authors 
know of no pollution abatement prob- 
lem, large or small, that does not war- 
rant comprehensive study to assure the 
fact that the money to be expended 
will economically accomplish the ob- 
jective for which it is spent. 
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EXPERIMENTS ON ANAEROBIC DIGESTION OF 
WOOL SCOURING WASTES * 


By M. T. 


S 


INGLETON 


Wiedeman and Singleton, Consulting Engineers, Atlanta, Ga 


In the summer of 1947 the city of 
Lebanon, Tenn. made certain investi- 
gations for the purpose of determining 
the feasibility of treating the indus- 
trial wastes from the Lebanon Woolen 
Mills at the existing city sewage treat- 
ment plant and to determine what ad- 
ditions or alterations at the plant might 
be necessary for this purpose. 

The city sewage treatment plant is 
of the separate sludge digestion, trick- 
ling filter type with provisions for 
applying chemical coagulants and 
flocculation ahead of the primary clari- 
fier. The plant was designed for a 
capacity of 800,000 ¢.p.d. and is now 
treating a dry weather flow of between 
500,000 and 600,000 @.p.d. 


Volume and Character of Wastes 


The Lebanon Woolen Mills manufac- 
ture woolen blankets. The wastes from 
this plant at the time of the investiga- 
tions made under the direction of the 
author consisted of the usual dyeing, 
washing and finishing wastes, together 
with the waste from the wool scouring 
The total volume of waste 
from the mill is about 300,000 @.p.d. 
This included about 2,500 g.p.d. of 
wool scour waste at the time of the in 
vestigation. The volume of wool scour 
waste varies from 2,500 to 10,000 ¢.p.d. 
depending upon the amount of grease 
wool being seoured. 

Color did not seem to be a problem 
as it was well dissipated when equal- 


process. 


* Presented at Second Annual Meeting, Ken- 
tucky-Tennessee Industrial Wastes and Sew 
age Works Association: Chattanooga, Tenn.; 
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ized and mixed with the cloth washing 
waste. The studies indicated that with 
certain modifications and additions to 
the plant, the equalized 
wastes other than the wool scour wastes 
could probably be successfully treated 
in combination with the city sewage. 
It is anticipated that plant seale ex- 
periments with this in view will be con- 
ducted at an early date. 

Wool scour waste has always been 
considered a difficult waste to treat by 
ordinary processes, due primarily to 
its high grease content. It will be pos- 
to determine its effect on the 
trickling filter in this particular case 
after the mill waste is connected, but 
it was anticipated from the start that 
some pretreatment of the wool scour 
waste for degreasing would be neces- 
before into the eity 


combined 


sible 


sary discharge 
sewer. 

When scouring the maximum volume 
of the volume of waste 
from the scouring process at this mill 
about 10,000 g.p.d. The wool 
scoured in the usual train of scouring 
bowls in a scouring solution of alkali 
end soap. The waste is a brown thick 
turbid liquor, in the nature of an emul- 
sion in which the grease and organic 
matter removed from the wool is highly 
dispersed and remains in suspension. 
It contains some settleable mineral sol- 
ids, but the greater portion of such 
solids is removed by a dusting opera- 
tion before scouring. 

The strength of the waste varies de- 
pending upon the pounds of wool 
scoured in the bowls before the scour- 
ing solution is dumped. The range of 
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data from a number of analyses at this 
mill is as follows: 
Total Grease (p.p.m.).. 8,000 to 14,000 
8 to 9.6 
5,000 to 14,000 
25,000 to 65,900 
18,000 to 41,000 


Total Solids (p.p.m.). . 
Volatile Solids (p.p.m.) 


Treatment Methods Considered 


Most of the published literature on 
the subject states that biological proces- 
ses of treatment are not applicable to 
the treatment of wool scour waste, due 
primarily to the high grease content. 
It is generally stated that the grease 
must be removed from this waste be- 
fore any type of treatment is applied. 

Faber (1) has recently described a 
new process, known as the Hypoehlo- 
rite Process, involving the use of ealei- 
um hypochlorite as a coagulant fol- 
lowed by acid treatment of the 
resultant sludge and seum for grease 
recovery. 

It might also be of interest to men- 
tion here that Smith-Drum and Com- 
pany of Philadelphia have been de- 
veloping, over a period of vears, a 
process and a machine for the degreas- 
ing of wool by means of a synthetic 
solvent. This process is not being de- 
veloped as a process of waste treatment 
but rather as a process of scouring 
wool, but it would seem that the waste 
treatment problem from such a process 
would be simplified. The wool would 
be degreased prior to washing in plain 
water in the standard scouring bowls 
to remove the remaining water-solubles 
and solids. The process involves de- 
greasing the wool by the use of a syn- 
thetic solvent, the solvent being re- 
claimed for re-use by distillation and 
the solids, including the grease, which 
are removed by the solvent are recov- 
ered in a dry form. One large ma- 
chine is now being installed for trial 
on a production basis and a second 
machine is under construction. 

Where treatment has been required 
in the past the usual method recom- 
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mended for treating this waste has 
been to remove the grease by ‘‘acid 
cracking.’’ By this method relatively 
large volumes of sulfuric acid are used 
to acidify the waste, after which the 
grease is removed as sludge or seum 
and may be processed for grease re- 
covery. 

Experiments carried out under the 
direction of the author with ‘‘acid 
eracking’’ of this partienlar waste gave 
inconsistent results, and at best it 
seemed it would be an odorous, messy 
process requiring careful control to 
obtain a_ satisfactory percentage of 
grease removal. The volume of the 
waste involved was small and variable, 
and neither the owners nor the city 
officials desired to undertake the re- 
covery and sale of grease as a part of 
the process of treatment due to the op- 
erating problems involved. 

Despite the fact that investigators 
have definitely stated that wool scour 
wastes could not be treated by biologi- 
cal methods, the success reported in re- 
cent years in the rapid digestion of 
other types of strong trade wastes by 
“*Controlled Digestion’’ procedures, de- 
veloped by Buswell and Boruff (2) and 
reported upon by Buswell and Schlenz 
(3), gave rise to the decision to experi- 
ment with the destruction of wool scour 
greases by such controlled digestion 
methods. 

It appeared logical that if the diges- 
tion of the waste could be controlled 
by following the procedures estab- 
lished for the successful handling of 
other wastes as outlined hereinafter, 
the high content of grease in the wool 
scour waste could be greatly reduced. 

That grease and soaps could be com- 
pletely digested to form methane and 
carbon dioxide was shown tn 1927 by 
Neave and Buswell (4). They demon- 
strated that gas yield was practically 
proportional to grease content of 
sludges studied. These results have 
later been confirmed by Rudolfs (5) 
and other investigators. 
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Laboratory Digestion Studies 

The digestibility of this particular 
waste was first established by setting 
up a 5-gal. bottle sample at room tem- 
perature. The sample was seeded with 
digested sludge. Gas formed almost 
immediately and at the end of a 30- 
day period the volatile solid content 
was reduced about 60 per cent. The 
bottles were allowed to stand 7 weeks. 
At this time analyses indicated a vola- 
tile solid reduction of about 75 per 
eent and the 5-day B.O.D. dropped 
from 8,600 p.p.m. to 1,010 p.p.m. There 
was no separation of the grease from 
the liquid to form a serious scum prob- 
lem and the settled sludge by observa- 
tion was but little more than the seed 
sludge added. 

The over-all results from these lab- 
oratory scale studies seemed to justify 
a further study of ‘‘Controlled Diges- 
tion’’ methods following the procedures 
reported by Buswell and Sehlenz (3). 
They state that ‘‘ Anaerobie fermenta- 
tion has long been recognized as the 
least expensive method of removing or- 
ganie matter, and hydrogen 
from sewage or waste liquors where 
conditions are suitable for its applica- 
tion. The limit for practieal applica- 
tion of anaerobie fermentation appears 
to be in the range of 1 per cent organic 
matter or more. This ineludes the 
sludge resulting from primary sedi- 
mentation. When the concentration is 
very much below 1 per cent, the 
amount of liquid required to carry the 
optimum loading 
ereat that the economies of the process 
disappear.’’ 
eluding scour wastes contain a 
concentration of organic matter con- 
siderably above the 1 per cent value. 

The process involves two-stage diges- 
tion with means for positive tempera- 
ture control and recireulation, both for 
mixing in the primary stage and for 
pumping supernatant from the sec- 
ondary to the primary stage for con- 
trol of the volatile acid content. 

Volatile acids control has been em- 
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ployed successfully to foretell the ap- 
proach of retarded digestion conditions 
at a number of municipal and trade 
waste installations where digesters are 
operating at higher loadings than those 
normally encountered in domestic sew- 
age treatment practice. In fact, to 
digest most trade wastes successfully 
it has been found necessary to practice 
volatile acids control. This involves 
a simple determination which may 
easily be made daily to provide a 
‘‘warning’’ long before a change of pH, 
alkalinity, drop in rate of gas produc- 
tion, or ‘‘foaming’’ conditions would 
indicate that trouble is at hand. This 
control method is described more com- 
pletely in an article by Schlenz (6), 
who states that : 


“‘In practice, if the volatile acids 
determination indieates a concentra- 
tion of, say, 2,000 p.p.m. in a digester 
sample, or if succeeding determinations 
indicate a continued rise in the econcen- 
tration of volatile acids, either of the 
following must be taken: (1) 
reduce the loading of raw solids in the 
digester showing the increase by divert- 
ing some of the raw solids to another 
digester in the system, or (2) circulate 
lower volatile acid content material 
from a second stage digester to the 
overloaded primary digester. As a 


steps 


result of such circulation a more rapid 
rasification takes place and the volatile 
acids are reduced much more than can 
be accounted for by mere dilution.’’ 


Pilot Plant Studies 


A pilot plant was set up as shown in 
Figure 1. Two 500-gal. tanks were pro- 
vided, equipped with hopper bottoms, 
vas eollection domes and a small gas 
meter. Heat was first provided with 
hot water jackets on the recirculating 
pump discharge and, finally, for better 
regulation of temperature, the tanks 
were insulated and strap-on electric 
hot water tank heaters were installed 
which could be controlled thermostati- 
eally. 
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FIGURE 1.—Diagrammatic layout of pilot plant for digestion of wool scouring wastes. 


The Lebanon Woolen Mills secured 
the necessary equipment for laboratory 
tests on volatile solids and volatile 
acid content. The State Board of 
Health cooperated with the mill in set- 
ting up these tests, and the work was 
done under the direct supervision of 
Mr. J. O. Wauford of the Lebanon 
Woolen Mills. 

After the pilot plant was complete, 
250 gal. of digested sludge was ob- 
tained from the city sewage plant and 
placed in the primary digester. Both 
tanks were then filled with water and 
the temperature raised to 95° F. The 
addition of wool scour waste was begun 
on August 1, 1947, 5 gal. being added 
the first day and this daily volume in- 
ereased by increments over a 2-week 
period until on August 15 the feed 
was 36 g.p.d., which is equivalent to 
0.06 lb. of total volatile solids (dry 
weight) per cubie foot of total digester 
capacity per day. Volatile acid tests 
were made daily and the volume of gas 
produced was checked daily. 

The results of the laboratory tests 
are shown in Figure 2. The tests on 
volatile solids in the raw feed were 


not made daily, but from observations 
made prior and subsequent to the start- 
ing of the tests it was apparent that 
the volatile solids content averaged 
about 28,000 p.p.m. 

A feed of 36 g.p.d. was continued 
from August 15 until August 23, at 
which time there was a sudden rise 
in the volatile acid content to about 
4,000 p.p.m., indicating that the feed 
had been increased too rapidly. The 
feed was reduced to about 15 g.p.d. 
through the following week, but the 
volatile acid content increased to about 
5,000 p.p.m. City water was added 
to the primary digester for diluting 
purposes. This had the effect of re- 
ducing the volatile acid content to 
below 2,000 p.p.m., and no further 
trouble was experienced in controlling 
the volatile acid content during the ex- 
periment. 

From the start of the operation the 
volatile solids content of the overflow 
from the secondary tank increased with 
the added feed until August 21. After 
this it leveled off to between 5,000 and 
6,000 p.p.m. 

Gas formation was noticed within a 
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few days after the pilot plant was 
started in operation and by September 
1 was between 30 and 40 eu. ft. per 
day. 

At about this time there was a change 
in the type of product manufactured 
at the mill. With the change in prod- 
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uct it appeared advantageous to pur- 
chase scoured wool. There was a cer- 
tain amount of grease wool in stock 
and the seouring of wool was continued 
for the express purpose of continuing 
the digestion experiments. Due to the 
limited amount of wool on hand, how- 
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FIGURE 2.—Laboratory results of pilot plant operation on digestion of wool 
scouring wastes. 
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ever, the quantity of wool scoured per 
shift before dumping the bowls was 
reduced and this, of eourse, reduced 
the strength of the waste. The volatile 
solids content of the feed became vari- 
able from day to day depending upon 
the amount of wool scoured. The op- 
eration was continued with the waste 
available through the month of Sep- 
tember up to October 14. 

During this latter part of the run 
tests made on the volatile solids con- 
tent of the feed ranged from 12,000 
to 38,000 p.p.m. and averaged about 
18,000 to 20,000 p.p.m. over the period. 

After September 1 the raw feed was 
20 g.p.d. for the first week, 25 g.p.d. 
for the second week, 30 g.p.d. for the 
third week and 35 to 40 g.p.d. for the 
fourth week. The feed was dropped 
back to 30 @.p.d. during the two weeks 
operation in October. 

No treuble was experienced during 
this period in keeping the volatile acid 
content below 2,000 p.p.m., although on 
5 days during the period the operator 
recirculated from the secondary di- 
vester to the primary digester for short 
periods of time ranging from 10 to 30 
min. on days when the volatile acid 
content approached 2,000 p.p.m. 

The volume of gas from September 
15 to October 10 averaged from 55 to 
60 eu. ft. per day and ranged from 
8.6 to 10.2 eu. ft. per pound of volatile 
added. Volatile solids the 
digester overflow during this period 
averaged about 5,400 p.p.m., indicating 
per cent reduction total 
volatile matter. Samples taken at the 
end of the run indicated a grease con- 
tent of 1,000 p.p.m. in the overflow as 
compared to a number of analyses on 
the raw waste which ran from 8,000 
to 14,000 p.p.m., or an average of 
11,000 p.p.m., for an indicated redue- 
tion in grease of 91 per cent. 

In any pilot plant of this type there 
are a few kinks to be straightened out 
before the plant operates as intended, 
and while attention was being given 
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to these troubles the daily routine lab- 
oratory tests were not considered im- 
portant. In the early stages of the 
run difficulty was experienced in main- 
taining a constant temperature, par- 
ticularly over week-ends and at night, 
until the strap-on type electric hot wa- 
ter heaters were installed. With this 
system the temperature could be con- 
trolled quite efficiently. Also, some 
difficulty was experienced in obtaining 
accurate gas measurements. At times 
when the tanks were recirculated, the 
gas seals in the small gas domes were 
blown and were undetected for a time 
by the operator. 

Despite the fact that the operating 
data are incomplete, since the experi- 
ments could not be continued to estab- 
lish an ultimate volatile solids loading 
factor due to the change in operation 
of the mill, it is felt that the results 
should be of considerable interest and 
should justify further study and _ in- 
vestigation along this line. 

The Lebanon Woolen Mills are main- 
taining the pilot plant intact so as to 
have it available for further experi- 
ments when wool scouring is resumed. 

In designing the pilot plant for these 
experiments it was anticipated that the 
wool scour waste would respond to di- 
gestion in two-stage tanks having a 
total displacement capacity of 20 days 
at a volatile solids loading of 0.1 Ib. 
dry weight per cubie foot of total tank 
capacity per day. The results of the 
incomplete pilot plant experiments in- 
dieate that loadings of approximately 
this amount might be approached, once 
the operation is established under prop- 
er control. The feed was not carried 
above 35 ¢.p.d. except for 2 or 3 days. 
The 35 g.p.d. rate represented about 
60 per cent of the feed required for 
a 0.1 Ib. volatile solids loading. 

The control of the volatile acid con- 
tent at below 2,000 p.p.m. was accepted 
as the limiting factor during the period 
the pilot plant was in operation. No 
attempt was made to determine results 
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at a higher volatile acid content in the 
primary tank, although a slight rise 
in volatile acid content did not appear 
to affect the rate of gas production. 


Discussion 


From the results reported above it 
appears that ‘‘Controlled Digestion”’ 
as a means of treating wool scour waste 
might offer advantages since the first 
cost of the plant would not be excessive 
and the operating cost should be nomi- 
nal, as compared with other known 
methods of treating this difficult type 
of waste. Where a particularly high 
degree of treatment is required the di- 
vester effluent could be further treated 
by chemical precipitation or by trick- 
ling filters, as the grease and soap con- 
tent is largely destroyed, and the re- 
maining waste would be amenable to 
economical treatment by chemical or 
biological processes. 

The practical results from observa- 
tion of the operation were rather sur- 
prising. A scum problem had been an- 
ticipated, but during the digestion 
process there seemed to be no tendency 
toward separation of grease in the 
liquor and the only scum found was 
a very light froth on the surface of the 
digester. As stated before, the wool 
had been dusted prior to scouring to 
remove as much mineral matter and 
other material as possible. It was sur- 
prising how little digested sludge was 
left in the bottom of the secondary 
tank after the 2'2 months of operation. 
Only 2 or 3 gal. of settled sludge were 
drawn from the bottom of the second- 
ary digester during the operation. Dur- 
ing the whole period of operation the 
overflow from the secondary tank was 
allowed to spill directly on the ground 
near the pilot plant, without any aft- 
tempt to pipe it away. The ground was 
of a porous nature and absorbed the 
liquor without any apparent deposition 
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of solids or grease on the surface, or 
without any noticeable odors or attrac- 
tion of flies. This in itself is evidence 
to the writer that quite a bit had been 
accomplished in the treatment of this 
difficult waste, and it is hoped that 
there will be an opportunity of continu- 
ing these studies at some future date. 


Summary 


A pilot plant consisting of two 500- 
gal. anaerobie digestion tanks con- 
nected in series was constructed and 
operated for 214 months for the treat- 
ment of wool scouring wastes. 

The wastes carried an average of 
28,000 p.p.m. of volatile matter, inelud- 
ing 11,000 p.p.m. grease, and had an 
average B.O.D. of 10,000 p.p.m. 

Difficulties were encountered in ob- 
taining a uniform quality and quan- 
tity of feed. The temperature fluctu 
ated greatly during the first part of 
the run, and change in factory con- 
ditions made it necessary to discon- 
tinue the experiment before optimum 
conditions could be determined. 

In spite of these handicaps the pilot 
plant was operated over a 3-week pe- 
riod with a loading of 0.06 Ib. (drv 
weight) of volatile matter per eubic 
foot per day. The gas yield was from 
8.6 to 14 eu. ft. per pound of volatile 
matter added, and there was obtained 
a 65 per cent reduction in volatile 
matter and a 90 per cent reduction in 
erease. 

It is believed that with fully con- 
trolled operation the loading can be 
increased to 0.1 Ib. of volatile solids 
per cubie foot per day for approxi- 
mately a 20-day digestion period. The 
results actually obtained indicate that 
anaerobic fermentation presents a pos- 
sible practicable solution to the prob- 
lem of the treatment of wool scouring 
wastes, 
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Microbiology and Theory of Anaerobic 


A communication received from Mr. 
John R. Downes, Supervising Engi- 
neer of the Joint Sewage Disposal 
Plant at Plainfield, N. J., points out 
that there is apparently some mis- 
understanding of the spray drying 
system used for. sludge dewatering at 
the Plainfield plant, as discussed in the 
November, 1948, issue of Tits Jour- 
NAL (pp. 1102-3). Mr. Downes offers 
the following statements to clarify the 
above report: 

‘*1. There is not enough gas to pro- 
vide for complete drying under local 
conditions. 

“9. Tf the sludge is first dewatered 
to S80 per cent water (20 per cent 
solids), the drying operation becomes 
self-sustaining by virtue of the fuel 
value of the dried product. 

**3. With sludge containing more 
than 80 per cent water, we have used 
as auxiliary fuel coal, pitch, and oil. 
We are presently using oil. 
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or 


‘“*4. There has never been either an 
explosion or a fire connected with 
drier operation. One fire on the oper- 
ating floor broke out in an electrical 
instrument cabinet at night when the 
drier was not in operation. The sec- 
ond fire referred to was in an experi- 
mental vacuum filter plant 75 ft. from 
the drier. 

**5. We use alum flotation to con- 
centrate the sludge to 12 per cent to 
15 per cent solids before spray drying. 
We have not gone in for vacuum fil- 
tration. One vacuum filter manufac- 
turer experimented with the sludge but 
admitted that they could not compete 
with alum flotation. 

“6. The dried product is not in pel- 
let form. It looks like the contents of 
a household vacuum cleaner bag. It 
is sold for fertilizer on seasonal de- 
mand, otherwise it is burned in the 
drier furnace to maintain the drying 
process.”’ 
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COMPRESSED YEAST WASTES TREATMENT * 


III. Pilot Plant Digestion Studies 


By AND EvuGEeNE H. TruBNICK 


Anaerobic digestion has been found 
to result in a high degree of purifica- 
tion of wastes from the manufacture 
of compressed yeast. Jensen (1) de- 
scribed a two-stage digestion plant, 
which produced removals of 56 per 
cent of total solids, 84 per cent of 
volatile solids, 86 per cent of organic 
nitrogen and 89 per cent of B.O.D., 
with the production of 7.2 eu. ft. of 
gas per pound of volatile matter added. 
The gas contained 35 per cent CO, 
and 5 per ceut H.S. Schlenz (2) re- 
ported on a treatment plant which, 
with a loading of 0.104 Ib. solids per 
cubic foot of digester capacity per day, 
produced removals of 37 per cent of 
total solids, 50 per cent of volatile 
solids, and 90 per cent of B.O.D., with 
the production of 9.5 eu. ft. of gas per 
pound of volatile matter added. The 
authors (3) have reported the results 
of laboratory investigations which, 
with loadings of 0.17 to 0.49 Ib. solids 
per cubie foot per day, showed aver 
age removals by anaerobic digestion of 
54 per cent of total solids, 68 per cent 
of volatile solids, 83 per cent of organic 
nitrogen, and 78 to 94 per cent, aver- 
aging 84 per cent. of B.O.D., with the 
production of 7.5 cu. ft. of gas per 
pound of volatile matter added. The 
vas contained 25 per cent CO, and 1.5 
per cent H.S. 

To determine whether laboratory re 
sults could be duplicated in large seale 
operation, and to collect data to serve 
as a basis for design of a full scale 
treatment plant, a pilot plant was con- 
structed and operated at the Old 

* Paper of the Journal Series, New Jersey 
Agricultural Experiment Station, Department 
of Sanitation, Rutgers University. 
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Bridge, N. J., yeast plant of Anheuser- 
Busch, Ine. 


Description of Plant 

The pilot digesters (Figure 1), 
based upon the principle of continuous 
upflow digestion, consisted of two wood- 
stave digestion tanks, each of 16,000 
gal. total capacity, and a steel hopper- 
bottomed circular settling tank for the 
retention of carried-over sludge. The 
digestion tanks were each fitted with 
a gas dome. On each tank was a mani- 
fold effluent line with four laterals, so 
that the liquid content of the tank 
could be maintained at 9,500, 11,000, 
12,500, or 14,000 gal. as desired. Pip- 
ing and valves were so arranged as to 
offer a maximum degree of flexibility. 
The capacity of the tanks could be 
varied, and a number of different flow 
plans could be used (in parallel, main- 
taining one-stage digestion, or in 
ries, resulting in two-stage digestion). 
The digesters were heated by steam 
coils hung along the walls 6 ft. from 
the bottom, and the temperature was 
maintained at 85° F. 

Raw material was fed continuously 
at the bottom, through a 144-in. nozzle 
equipped with a splash plate, passing 
through the sludge blanket in an up- 
ward direction to the effluent pipe, 
through which the digested material 
flowed by gravity to the settling tank. 
Flow rates were controlled by means 
of calibrated V-port valves. Sludge 
collected in the settling tank was pe- 
riodically returned to the digesters. 


se- 


B.O.D. Reduction 
The veast-spent nutrients and wash 
waters have a high B.O.D. and rather 


Se : 

7 
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ay 

P 

: 

f 


Vol. 21, No. 2 


COMPRESSED YEAST WASTES TREATMENT 


FIGURE 1.—Digestion tanks, Anheuser-Busch pilot plant, Old Bridge, N. J. 


low suspended solids content. In the 
treatment process B.O.D. reduction is 
of prime importance. TIlence, studies 
were conducted to ascertain the effect 
of various factors on B.O.D. reduction 
by the digester, to determine the degree 
of purification attainable, to obtain 
data for design, and to establish proper 
operating procedures for a full seale 
plant. 


Comparison Between One- and Two- 
stage Operation 


A comparison was made of one- and 
two-stage operation by operating the 
digestion tanks in parallel and in se- 
ries, respectively. The loadings, ex- 
pressed in pounds B.O.D. per cubie 
foot digestion capacity, were varied. 
The average results obtained for low 
loadings in a range from 0.02 to 0.05 
lb. B.O.D. are graphically shown in 
Figure 2 as daily B.O.D. reduction. 
The two-stage, or series, operation re- 
sulted in consistently higher removals 
at all loadings as compared with the 
one-stage, or parallel, operation of the 
digesters. The average percentage 
B.O.D. reduction for one-stage opera- 
tion amounted to 56 per cent, whereas 
the average reduction for all loadings 
applied to the two-stage digesters was 
80 per cent. Because of the material 
increase in efficiency with two-stage 
digestion all further digestion studies 


were performed with two-stage or se- 
ries operation. 


B.O.D. Loadings 


B.O.D. loadings were controlled by 
varying the proportion of spent nu- 
trients and wash waters in the daily 
doses, so that the volumes treated were 
kept constant. A second method of 
varying the loading was by controlling 
the rate of flow of raw material into 
the digesters. 

A summary of the large number of 
data obtained during five years of ex- 
perimentation is given in Table I. 


TABLE I.—Effect of Digester Loading on 
B.O.D. Reduction; Summarized 
Pilot Plant Results 


Daily B.O.D. 
Loading 
(Ib. /eu. ft.) 


B.O.D. Re- 
duction 
(Ib./eu. ft. 


Reduction (%%) 
Tank 1| Tank ol Total 
0.006 40 20 | 60 
0.012 44 | 22 66 
0.017 50 | 21 | 71 
0.029 26 | 84 
0.036 59 | 23 82 
0.040 53 31 S4 
0.046 56 20 76 
0.060 73 13 86 
0.070 62 20 &2 
0.090 85 | 10 | 95 
0.107 74 | 14 | 88 
0.111 62 | 20 | 82 


0.010 
0.018 
0.024 
0.035 
0.044 
0.051 
0.061 
0.070 
0.085 
0.095 
0.121 
0.136 


3 
| 
| 
| Efficiency B.O.D 
| 
| 
| 
: | 
| 
| 
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FIGURE 2.—Comparison of one- and two-stage digestion. 


Maximum daily B.O.D. loadings of 
0.136 lb. per cu. ft. total digester ca- 
pacity were attained with a reduction 
of 62 per cent in the primary digester 
and 20 per cent in the secondary di- 
gester. Of particular interest is the 
fact that with loadings of from 0.01 
to 0.035 lb. per cu. ft. the digesters 
effected from 60 to 70 per cent B.O.D. 
reduction, with an average of 66 per 


cent, whereas with loadings from 0.035 
to 0.136 Ib. per cu. ft. the B.O.D. re- 
duction amounted to 76 to 95 per cent, 
or an average of 84 per cent. There 
was no indication that the maximum 
loadings had been achieved. 

It is of interest to compare the re- 
sults obtained in the large pilot plant 
with the laboratory results (3) on the 
basis of B.O.D. loadings and B.O.D. 


@—@ PILOT PLANT 


G--© LABORATORY 


B.0.0 REDUCTION -LBS /CU. FT / Dar 


050 


075 010 


80.0. LOADING - LBS / CUFT / DAY 


FIGURE 3.—Comparison of B.O.D. removal in pilot plant and laboratory experiments. 
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reductions (Figure 3). Under both 
laboratory and pilot plant conditions 
the pounds B.O.D. reduced increased 
with increased loadings. 

Of the over-all B.O.D. removal an 
average of 78 per cent of the work was 
accomplished in the first stage of di- 
gestion and 22 per cent of the total 
work in the secondary stage. However, 
with very low loadings the B.O.D. re- 
duction per unit loading was of the 
same order in the secondary digester 
as in the primary tank. This is illus- 
trated in Figure 4. It appears, there- 
fore, that the conception of a two-stage 
digestion system as one treating the 
easily digestible materials in the first 
stage and the more resistant materials 
in the second stage does not apply to 
this type of waste, within the loading 
range studied. 


PRIMARY T, “lo 
SECONDAS 


02 04 o6 os 
OAILY LOADING-LBS. BOD / Cu. FT. 


> 
o 
4 
2 
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FIGURE 4.—Comparison of B.O.D. reduc- 
tion in primary and secondary digestion. 


Effect of B.O.D. Concentration 


With an increase in concentration of 
raw material the food supply for the 
organisms responsible for digestion in- 
creased without the assumed benefit of 
removal of by-products through dilu- 
tion and elutriation. A comparison of 
average results on the B.O.D. in the 
influent and effluent of the digesters 
(Table II) shows that with increasing 
strength of the raw material the B.O.D. 
of the effluent increases, but not in pro- 
portion to the strength of the raw ma- 
terial. As the strength of the raw 
material increases from 800 to 4,000 
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p.p.m. B.O.D. the effluent increases 
from about 300 to 600 p.p.m. With 
stronger waste the B.O.D. of the efflu- 
ent increases sharply. The compara- 
tively slow increase in B.O.D. of the 
effluent in the lower range of feeding 
reflects a steady increase in the effi- 
ciency of the digesters from approxi- 
mately 65 per cent reduction to 85 
per cent. When the loading increases 
beyond 3,900 p.p.m. B.O.D. the per- 
centage B.O.D. reduction decreases, 
although the work done by the digest- 
ers is greater. 


TABLE II.—Effect of B.O.D. Concentration 
on Effluent Quality and Digester Efficiency 


Raw B.O.D. 
(p.p.m.) 


894 283 

1192 415 
1612 445 
2050 450 
2406 520 
2810 586 
3254 600 
3400 640 
3900 600 
4800 1260 
5000 1140 


Effluent B.O.D. Reduction 
(p.p.m.) (%) 


Effect of Volume Dosage 


The effect of volume dosage on 
B.0.D. reduction by digestion was stud- 
ied over a range of 3,760 to 10,000 gal. 
of material per day, representing 
theoretical detention periods of 3.7 to 
1.4 days. Results showing the relation 
between loadings in lb. of B.O.D. per 
cu. ft. per day, and B.O.D. reduetion, 
are graphically shown in Figure 5. 
The volume changes between 3,760 and 
10,000 gal. per day did not appear to 
affect the reduction of B.O.D. per 
pound of B.O.D. added. 


Effect of Neutralization 


Laboratory experiments had shown 
that neutralization of mixtures of raw 
spent nutrients and wash water with 


— 
| 
65 
69 
81 
74 
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FIGURE 5.—Effect of volume dosage on 
B.O.D. reduction. 


lime was not necessary to obtain maxi- 
mum efficiency during digestion. Dur- 
ing the operation of the pilot plant, 
digester influent was neutralized with 
sodium hydroxide and sodium earbon- 
ate to determine the affeet on digestion 
and filter operation. A comparison of 
B.O.D. reduction during digestion of 
materials neutralized to pH 6.5 and 7.0 
with B.O.D. reductions of non-neutral- 
ized digester influent at different load- 
ings is given in summarized form in 
Table III. At loadings of 0.01 to 0.05 
lb. B.O.D. per cu. ft. per day the aver- 
aged results do not indieate a material 
difference in efficiency between neu 
tralized and non-neutralized materials. 
There however, other 
tions which may make it desirable to 
neutralize the influent to the digesters. 


are, considera- 


TABLE III. 


B.O.D. Reduction 


B.O.D. Loading 
Ib./eu. ft.) 
Lb./Cu. Ft. Per Cent 


0.0095 
0.014 
0.023 
0.034 
0.040 
0.046 


0.013 
0.019 
0.031 
0.043 
0.052 
0.060 


March, 1949 


The desirability of neutralizing the 
waste will be discussed in a subsequent 
paper. 


Solids Reduction 
The total solids of the waste, varying 
between 1 and 2 per cent, consist al- 
most entirely of dissolved materials. 
From 70 to 75 per cent of the dissolved 
material is organie in nature. 
Dissolved solids loadings of 0.08 to 
0.44 Ib. per cu. ft. per day resulted in 
an average destruction of 51 per cent 
of the solids, as compared with an aver- 
age of 54 per cent found in laboratory 
experiments. Within the range of 5,000 
to 17,000 p.p.m. dissolved solids in the 
raw spent nutrients, the solids content 
of the digester effluent remained prac- 
tically constant at a value of 5,400 
p.p.m., but with material of a 
higher content, the solids in- 
the effluent. The relation 
between solids loadings and removals 
is graphically illustrated in Figure 6. 
The results show an apparent increased 
efficiency with increases in coneentra- 
tion of the raw spent nutrient. The 
results further indicate that maximum 
loading had not been reached as evi- 
denced by the fact that the rate of 
increase of work 


raw 
solids 


creased in 


removal, or accom- 
plished, showed no material decrease 
with the higher loadings. On the other 
hand, it appears that there exists a 
maximum spent nutrient concentra- 
tion, beyond which the soluble solids 


Effect of Neutralization on B.O.D. Reduction 


Influent Neutralized to pH 6.5-7.0 
B.O.D. Reduction 
B.O.D. Loading 


Ib./eu. ft.) 
Lb./Cu. Ft 


9.008 0.0055 69 
0.021 0.0145 69 
0.029 0.020 69 
0.040 0.033 83 
0.050 0.040 80 


Per Cent 


‘ 
mt ¢ 
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content of the digested effluent in- 
creases sharply (Table IV). 

The reduction of over 50 per cent 
of the solids accomplished within about 
3 days or less is considerably higher 
than normally obtained in digestion of 
sewage sludge with approximately the 
same volatile matter content during a 
period of 30 days digestion. 


@ PILOT PLANT 
© LABORATORY 


| 

| 
10 20 30 40 50 
SOLIDS LOADINGS- L8S/ CU FT / DAY 


SOLIDS REMOVAL- LBS. / CU FT / DaY 


FIGURE 6.—Relation between loadings 
and removals of dissolved solids. 


TABLE IV.—Effect of Dissolved Solids 
Concentration on Quality of Effluent 
and Digester Efficiency 


Raw Spent 
Nutrient 
(p.p.m.) 


Digester 
Ethuent 
(p.p.m.) 


Removal 


5,600 
6,500 
7,700 
8,500 
9,700 
10,400 
11,600 
12,500 
13,300 
14,400 
16,900 
19,700 


4,900 
5,700 


Destruction of Volatile Matter 


Volatile matter reduction of sewage 
sludge (containing 75 per cent volatile 
matter) may vary between 50 to 55 
per cent after 30 to 40 days digestion. 
Carefully controlled laboratory experi- 
ments have shown (4) that total vola- 
tile matter reduction of fresh sewage 
solids after 257 days digestion amounted 
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to 57.4 per cent. When industrial 
waste high in volatile matter is pres- 
ent, the percentage reduction may be 
somewhat higher. 

The pilot plant results on digestion 
of yeast waste show that with volatile 
matter loadings of 0.053 to 0.360 Ib. 
per cu. ft. per day the average volatile 
matter destruction amounted to 64 per 
cent of the volatile matter added, with 
no indications that the maximum 
loading had been reached. With the 
higher loadings volatile matter destruc- 
tion was well over 70 per cent Table 
V). The relation between volatile mat- 
ter loadings and reduction is clearly 
shown in Figure 7. Destruction of 
volatile matter of the same order had 
been observed in laboratory experi- 


ments. 
| 
@ PILOT PLANT } 
© LABORATORY 
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FIGURE 7.—Relation between volatile 
matter loadings and reduction. 


With volatile matter concentrations 
of from 4,000 to 13,000 p.p.m. in the 
raw material, the volatile matter con- 
centration of the digester effluent was 
3,000 p.p.m. Above 13,000 p.p.m. of 
volatile matter in the raw material the 
volatile matter concentration in the 
digester effluent increased to about 
4,000 p.p.m. 


Gas Production and Composition 


. Gas production varied directly with 
the volatile matter loadings (Figure 
8), amounting on the average to 7.5 
cu. ft. per lb. volatile matter added. 
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TABLE V.—Volatile Matter Reduction 


Pilot Plant 


Laboratory 


Reduction 
(Ib./eu. ft./day) 


Loading 


Removal 
(lb. /cu. ft./day) 


(%) 


Reduction 
(Ib./eu. ft./day) 


Loading 


Reduction 
(Ib./eu. ft./day) (%) 


0.053 
0.070 
0.088 
0.103 
0.134 
0.141 
0.190 
0.202 
0.220 
0.354 


6.036 
0.045 
0.047 
0.063 
0.092 
0.108 
0.130 
0.148 
0.157 
0.266 


68 
64 
61 
69 
78 
69 
73 
72 
75 


0.063 
0.069 
0.079 
0.090 
0.093 
0.115 
0.114 
0.124 
0.137 
0.155 


0.089 
0.101 
0.112 
0.123 
0.133 
0.169 
0.185 
0.199 
0.213 
0.266 


71 
68 
71 
73 
70 
68 
62 
63 
65 
58 


The results on total gas production, 
together with the amounts of carbon 
dioxide and hydrogen sulfide in the gas 
at different loadings are summarized 
in Table VI. Of interest is the fact 
that gas production per pound of vola- 
tile matter gradually increased with 
the loading up to about 0.07 lb. volatile 
matter per cu. ft. digestion capacity, 
but decreased with higher loadings. 
Significant in this respect is the fact 
that the percentage of CO, in the gas 
gradually increased from 18.2 at the 
lowest loadings to 32.7 at the highest 
loadings. Hydrogen sulfide present in 
the gas averaged 2.0 per cent at the 


lowest loadings to 3.9 at the high- 
est. The percentage combustible gas 
gradually decreased with increased vol- 
atile matter loadings. The CO, and 
Hi.S contents of the gas appear to be 
functions of the loadings. Since the 
digestion was performed in two stages, 
it can be expected that the gas pro- 
duced from the first stage should have 
a lower heat value than the gas from 
the second stage, because the actual 
loading in the first stage is much 
higher than in the second stage. Aver- 
age results obtained on the composi- 
tion of the gas produced at different 
loadings from the first and second 


TOTAL GAS 
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COMBUSTIBLES 
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FIGURE 8.—Relation between gas production and loadings. 


300 
| 
| 
| 
; 
| 
A | | 
& | 
c | 
} 
1.0 
o 
sf 


COMPRESSED YEAST WASTES TREATMENT 


TABLE VI.—Gas Production in Relation to Loadings 


Daily Loading 


Cu. Ft. per Cu. Ft. Digester Capacity per Day 


Cu. Ft. per Lb. 


Volatile Solids 
(ib./eu. ft.) 


Total Gas CO: 


Volatile Matter 
HS Combustibles Added 
(by difference) 


0.018 
0.051 
0.070 
0.111 
0.174 
0.354 


0.130 
0.398 
0.595 
0.799 
1.200 
2.360 


0.100 
0.309 
0.445 
0.542 
0.788 
1.495 


stages are shown in Table VII. In 
the first stage of digestion, the CO, 
content of the gas increased by 90 per 
cent with inereased loading and the 
H.S by 100 per cent, whereas the in- 
creases in the second stage amounted 
to 55 and 56 per cent respectively. 


Nitrogen Changes 


Digestion resulted in an increase in 
ammonia content, while the total Kjel- 
dahl nitrogen remained constant; thus, 
by difference, indicating a decrease in 
organic nitrogen, as shown in the fol- 
lowing average data: 


Total Kjeldahl N (p.p.m.) 
Ammonia N (p.p.m. 


Organic N (by difference) (p.p.m.) 
Organic of Total N (%) 
Organic N Destroyed (%) 


The conversion of organie nitrogen to 
ammonia occurred in the first stage, 
with no significant further activity in 
the second stage. 

Loadings of 0.017 lb. organic nitro- 
gen per cubie foot per day were at- 
tained within the mechanical limits of 
the pilot plant, without apparently hav- 
ing reached the maximum organic ni- 
trogen loading. The results thus ob- 
tained coincided with laboratory re- 
sults, as shown in Figure 9. 

The organie nitrogen concentration 
of the digester effluent appears to be 
more dependent on the organic nitro- 
gen concentration of the raw spent nu- 
trient than is the case with B.O.D., 
total solids, or volatile matter, as indi- 
cated in Table VIII. With raw ma- 
terials containing from 300 to 600 
p.p.m. organie nitrogen the digester 
effluent contains from 70 to 150 p.p.m., 
whereas with raw material containing 
more than 600 p.p.m., the organic ni- 
trogen concentration of the effluent in- 


TABLE VII.—Composition of Digester Gas 


co 
Volatile Matter 2 (%) 
Loading 


HS (%) 


Combnustibles* 
(%) 


(Ib./cu. ft./day) 


Tank 1 Tank 2 


Tank 2 Tank 2 


0.018 
0.051 
0.070 
0.111 
0.174 
0.354 


18.7 
22.3 
24.4 
31.0 
32.9 
35.5 


16.9 
19.7 
20.2 
24.6 
26.1 
26.2 


81.3 
78.6 
78.2 
73.4 
71.3 
71.0 


* By difference. 
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| 
0.027 0.003 7.2 
0.081 0.008 7.8 
0.138 0.012 8.5 
: 0.231 0.026 7.2 
0.371 0.041 6.9 
0.773 0.092 6.7 
Digested 
Ist | 2nd 

‘ Stage | Stage 
tg 325 850 | 825 
660 | 175 | 170 
; Ave. Tank 1 Ave. 
? 19.2 | 21 18 20 | 79.2 79.8 

21.6 2.1 2.0 75.6 76.4 
4 23.2 2.4 1.6 2.1 73.2 74.7 ; 
3 28.9 3.8 2.0 3.3 65.2 67.8 : 
: 30.9 3.8 2.6 3.4 63.3 63.7 
: 32.7 4.3 2.8 3.9 60.2 63.4 ; 
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FIGURE 9.—Relation between organic nitrogen loadings and reduction. 


ereased sharply. The efficiency, as 
measured by the percentage removal 
of organic nitrogen, remained rather 
constant, showing only a slight de- 
erease over the range of 300 to 750 
p.p.m. organic nitrogen in the influent. 


TABLE VIII.—Effect of Organic Nitrogen 
Concentration on Effluent Quality 
and Digester Efficiency 


| 
| 
Organic N in Organic N 
Effluent Removal 
(p.p.m.) (%) 


Raw Organic N 
(p.p.m.) 


308 } 77 
432 22 j 74 
532 36 74 
614 | 5 77 
678 7: 75 
729 2 73 
771 70 
799 61 


Discussion 


The data obtained during the pilot 
plant digestion experiments have pur- 
posely been compared with results ob- 
tained previously on a laboratory scale. 
It is of considerable interest that the 
results obtained from pilot plant oper- 
ation, whether solids destruction, vola- 


tile matter destruction, B.O.D. reduc- 
tion, gas production and composition, 
or destruction of organie nitrogen is 
considered, are of a similar magnitude 
to those obtained during laboratory 
experimentation. In other words, the 
digester efficiency at a given loading 
was the same in the pilot plant of 
28,000 gal. capacity as in the small 4- 
liter laboratory vessels. These close 
relationships afford the opportunity 
for laboratory control of the diges- 
tion process, and allow rather accurate 
predictions from laboratory experi- 
mentation. The latter is of especial 
importance in connection with any con- 
templated changes in operation made 
necessary because of modifications in 
the production processes. 

The data presented show that B.O.D. 
reduction, in terms of actual pounds 
removed per unit of digestion capacity 
per day, is a direct funetion of the 
B.0.D. loading, regardless of whether 
the raw spent nutrients are added as 
a stronger material during a longer de- 
tention period or as a weaker material 
for a shorter detention period. Re- 
gardless of the detention period (from 
1.4 to 3.7 days) the number of pounds 
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of B.O.D. removed per day was di- 
rectly proportional to the number of 
pounds added each day to the digesters, 
except in the very low range above 
0.10 Ib. per eu. ft. per day. In the 
low range not only was the percentage 
B.O.D. reduction low, but the perform- 
ance in pounds removed was also rela- 
tively low. This may indicate that the 
available organisms received insuffi- 
cient food to perform at maximum ¢a- 
pacity, whereas at the high loadings 
the food supply was in excess of that 
which could be readily handled at op- 
timum efficiency. Tt appears, therefore, 
that for optimum performance. load- 
ings should not exeeed 0.10 Ib. B.O.D. 
per eu. ft. per day. This does not 
that with higher loadings the 
actual pounds of B.O.D. removed may 
not be higher than at lower loadings. 
but that the efficiency, as expressed in 
percentage removal, would be less at 
higher loadings. 


mean 


Similar relationships were observed 
between loadings and reductions when 
dissolved solids and volatile matter de- 
struction considered. Further- 
more, conversion of organie nitrogen to 
ammonia was, in general. directly pro- 
portional to the loadings. It is pos- 
sible, therefore. to use the changes of 
any one of the constituents as an in- 
dex of the changes in other compon- 
ents, or to gauge the performance of 
the entire digestion process by the 
changes in a single component. 

Digestion of the soluble organie nu- 
trient appears to proceed in proportion 
to the available food. With the same 
loadings the secondary digester per- 
formed as much work as the primary 
digester; however, when the food sup- 
ply in the secondary digester was less 
than in the primary digester, the per- 
centage reduction was less. The ap- 
parent reduction in efficiency of the 
secondary stage (Table I) is an illus- 
tration of the reduced food supply 
available for decomposition and gasifi- 
cation. 
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Since the efficiency of the digestion 
is related to the loadings, it is possible 
to obtain any desired percentage of re- 
duction by varying the loadings. This is 
illustrated by plotting the percentage 
reductions obtained with various first- 
stage loadings (Figure 10). With a 
loading of 0.12 lb. B.O.D. per eu. ft. 
per day the reduction amounted to 99 
per cent, whereas with 0.25 Ib. per cu. 
ft. per day the reduction was about 60 
per cent. The actual amount of work 
done at the higher loading is greater, 
indicating that at the low loading 
optimum conditions were not reached. 
Of practical importance is the fact 
that the efficiency or percentage B.O.D. 
reduction can be pre-arranged by con- 
trolling the applied loading. Thus, 


within limits, digester capacity and 
detention time can be determined on 
the basis of B.O.D. reduction require- 
ments; that is, for any given B.O.D. 
reduction as required, data on maxi- 
mum allowable loading and on eapacity 
requirements can be readily obtained. 


if the volume and concentration re- 
main relatively constant. Figure 10 
shows B.O.D. reductions achieved at 
various loadings both in one- and two- 
stage digestion systems. If the strength 
and volume of a soluble organie waste 
to be treated by anaerobie digestion. 
are relatively constant. the data in 
this curve may be used to determine 
necessary design data. 

For example, if 100,000 gal. per day 
of a waste of 5,000 p.p.m. B.O.D. are 
to be treated in this way, with 95 per 
cent B.O.D. reduction, a two-stage di- 
vester loaded at a rate of 0.095 Ih. 
per cu. ft. per day would be required. 
This loading, with streneth and volume 
constant, would require a total digester 
capacity of 44,000 en. ft., or a 79-hour 
detention period. 

If only 70 per cent B.O.D. reduction 
is required, it could be achieved with 
a one-stage digester loaded at a rate 
of 0.249 Ib. per en. ft. per day, neces- 
sitating a digester capacity of 16,800 
eu. ft., or a 30-hour detention period. 


\ 
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FIGURE 10.—Relation between effluent and loadings. 


Further examples are shown in Table 
TX. 

Within certain limits, it has been 
shown that with any of the indices 
used (total solids, volatile matter, 
3.0.D. or organic nitrogen) the qual- 
ity of the effluent does not change ma- 
terially with the concentration of the 
raw material. This can be expected 
if the optimum efficiency of the diges- 
ters is related to the loadings. How- 


TABLE IX.—Determination of Design Data 
for Various B.O.D. Reductions 


j 
| Design Requirements 
| Maximum 
B.O.D. Re- Allowable 
duction Loading 
(%) j(ib./eu. ft./day 


Desired 


Minimum 
Detention 
Time 
(br.) 


Digester 
Capacity 
(cu. ft.) 


| 
One-Stage | | 


85 | 0.190 22,000 

80 0.209 20,000 

75 | 0.228 18,300 

70 0.249 16,800 

65 | 0.269 15,500 

60 | 0.288 14,500 
Two-Stage | 

0.095 

0.112 

0.127 

0.144 

0.160 

0.176 

0.192 

0.208 


44,000 
37,300 
33,900 
29,000 
26.000 
23,7C0 
21,800 
20,000 


ever, if the material added to the tank 
has a very low concentration, factors 
affecting the turbulence or short cir- 
cuiting in the tank play a role when 
the same loading, expressed in terms 
of any of the indices used, is applied 
as when the material is concentrated. 
The indices used do not seem to be 
equally sensitive. Whereas with B.O.D. 
values of 1,100 to 4,000 p.p.m. an efflu- 
ent of 500 to 600 p.p.m. was produced, 
the range over which the organic ni- 
trogen content of the effluent remained 
constant was not so broad. 

Total gas production averaged 7.5 
cu. ft. per lb. volatile matter added, or 
about 10 cu. ft. per Ib. volatile matter 
destroyed. On this basis the quantities 
of gas produced in a full seale plant 
would be sufficient to serve as fuel in 
the manufacturing plant, thereby 
partly defraying the operation cost of 
the treatment process. The volume of 
total gas produced per pound of vola- 
tile matter in the yeast plant waste 
is comparatively low as compared with 
the gas produced from sewage sludge. 
This is probably due to the rather low 
fat and grease content of the yeast 
plant waste. 

II.S content of the gas is relatively 
high when compared to that found in 
average sewage gases ; however, in view 
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of the fact that the spent nutrient 
contains 1,000 to 2,000 p.p.m. sulfate 
and that sulfate reductions of 75 per 
cent and higher were observed during 
digestion, the percentage H,S in the 
gas was rather low. Of interest is that 
only about 60 per cent of the total re- 
duced sulfate was accounted for in the 
H.S of the gas, whereas about 10 per 
cent was found as sulfide in the efflu- 
ent. <A slight increase of sulfide was 
found in the sludge. The presence of 
free sulfur was observed in the diges- 
tion effluent and the sludge. Studies 
on a sulfur balance will be reported in 
a future paper. 


Summary and Conclusions 
Digestion experiments on yeast plant 
wastes were conducted over a period of 
5 years in a 28,000-gal. capacity, two- 
stage pilot plant with the following 
generalized results: 


1. Two-stage digester operation pro- 
duced greater B.O.D. reduction per 
unit B.O.D. loading than did one-stage 
operation. 

2. Loadings. in terms of pounds per 
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cubic foot per day of 0.45 Ib. total 
solids, 0.34 lb. volatile matter, 0.13 Ib. 
B.O.D. and 0.017 lb. organie nitrogen 
were attained. 

3. Average removals of 54 per cent 
of total solids, 68 per cent of volatile 
matter, 85 per cent of B.O.D. and 74 
per cent of organic nitrogen were ef- 
fected. 

4. Total gas production amounted to 
7.5 eu. ft. per Ib. volatile matter added ; 
the gas contained, on an average, 25 
per cent CO, and 2.5 per cent IIS. 

5. Within limits, until a maximum 
point was reached in each case, the 
concentration of total solids, volatile 
matter, B.O.D. or organic nitrogen in 
the digester effluent was not a function 
of the concentration of the raw ma- 
terial. 

6. A high degree of correlation was 
observed between laboratory data end 
pilot plant results. 

7. Data were gathered for the design 
of a full seale treatment plant, and a 
method of operation was established 
for the treatment of this type of sol- 
uble organic industrial waste. 


Biological 
Pilot Units.’’ 
(1949). 

4. Rudolfs, W., ‘‘Decomposition of Grease 
During Digestion, Its Effect on Gas 
Production and Fuel Value of Sludges.’’ 
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INDUSTRIAL WASTE CONTROL POLICY OF WEST- 
CHESTER COUNTY, N. Y.* 


By Tuomas M. Rippick 


onsulting Engineer and Chemist, New York. N. Y. 


Westchester County, situated just 
north of New York City, is largely resi- 
dential and is industrial to only a 
minor extent. However, to control in- 
dustries already established and to pro- 
vide guidance for those which may be 
established in the future, the writer 
was retained by the County to formu- 
late appropriate broad rules and reeu- 
lations to cover the discharge of trade 
wastes into County sewers. The recu- 
lations, as submitted, are as follows: 


COUNTY OF WESTCHESTER 
PARTMENT OF PUBLIC WORKS 


RuLes AND ReGvLations Governina Dis 
CHARGE OF INDUSTRIAL Wastes INTO 
SEWERS UNDER THE JURISDICTION 
OF THE WESTCHESTER CouNTY 
DEPARTMENT OF PusBLi 
Works 


1. General Purposes of Regulations 


These rules and regulations have 
formulated for the general guidance of in 
dustries petitioning to wastes 
into the County They 
are subjeet to modifieation at 
Their general purpose 


been 


discharge 
Sewerage System 
revision or 
any time. 


(a) To prohibit excessive volumes and 
‘or rates of flow of wastes into the County 
Sewerage System. (Maximum volumes 
will be established for each 
petitioning industry, based on conditions 
as found.) 

(b) To prohibit the introduction of 
trade wastes which create operating diffi- 
culties at plants now existing or those 
which may be constructed in the future. 


and/or rates 


* Presented at 1948 Spring Meeting of the 
Works 
June 4-5, 


New York 
Niagara Falls, 


State Sewage 
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1948 
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(c) To protect the physical, chemical, 
and bacteriological quality of the receiving 
water-course or courses, in accordance with 
requirements of the State, County, Inter- 
state Sanitation Commission, or with any 
other regulatory body. 

(d) To prohibit the introduction of 
wastes which ereate an operating expense 
greater than would have been required for 
ain equal volume of raw domestic sewage. 


2. Establishment of Standards 


The following standards have been 
adopted to control the quality and quantity 
of wastes discharged into the Westchester 
County Sewerage System. 


(2) From the standpoint of conservation 
of water supply, as much diverted ground 
or surface water as possible shall be re- 
turned to the ground or stream. 

(b) Diverted water returned to the 
ground or stream shall contain as little pol 
lution as possible. (This will 
segregation of waste liquors 
into “polluted” and “non-polluted” classi 
fications. ) 

(c) The volume of polluted wastes which 
eannot be returned to the stream, and 
Which must be discharged into the sewer, 
shall be kept to a minimum. 

(d) All industrial wastes discharged to 
sewer shall be metered. Flows averaging 
less than 25 g.p.m. (36,000 g.p.d.) may be 
measured with a crest meter or similar ap- 
proved device for total flow 
only. Flows in excess of 25 g.p.m. (36,000 
g.p.d.) will require Venturi tubes, Kenni- 
son nozzles, weirs, or other approved de- 


generally 
necessitate 


registering 


vices, both to measure and record the in 
The 
maximum rate of discharge shall not ex- 
ceed 10 times the average (24-hour) rate. 
In no ease shall the rate of flow be suffi- 
cient to flood manholes, appreciably sur- 


stantaneous and total rates of flow. 
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charge sewers, or cause a reversal of nor- 
mal] sewage flow. 

(e) Wastes discharged to sewer shall 
contain no viable pathogenic bacteria other 
than those normal to domestic sewage. All 
effluents from hospitals shall be chlorinated 
so as to maintain a free chlorine residual 
(after 30 minutes contact) of at least 10 
p-p.m. 

(f) Wastes shall contain no solids in so- 
lution which will precipitate greater than 
1,000 p.p.m. upon acidification (pH below 
5.5), alkalization (pH above 8.5), oxida- 
tion or reduction. Viscosity shall not ex- 
ceed 1.10 upon discharge or after acidifi- 
cation, alkalization, ete., as outlined above. 


(¢) Limiting chemical characteristies 
are as follows: 
Five-day, 20°C. B.O.D. .... 400 p.p.m. max. 


Chlorine Demand (30 min., 

room temperature) ...... 25 p.p.m. max. 
Suspended Solids .......... 400 p.p.m. max. 
Settleable Solids (Imhoff 

Cone Test, 1 hour) ...... 10 ml./liter max. 
Hydrogen Ion Concentration 


(pH) 4.5 to 9.5 


Color shall not exceed an intensity of 
500 p.p.m. Samples shall be diluted with 
distilled water to bring the range within 10 
to 50 p.p.m. and judged on a basis of “in- 
tensity” or transmission of light rather 
than “true color” (Platinum Cobalt Stand- 
ard). 

Grit, sand, abrasives, metal fillings, 
turnings, and other material of similar na- 
ture will not be tolerated. 


3. Undesirable Chemical Constituents 


The following chemicals or 
compounds are undesirable. 

They shall be eliminated from the indus- 
trial wastes or reduced by treatment to a 
concentration which will not adversely 
affect sludge digestion or any other bio- 
chemical or biological process normal to 
sewage treatment plants. 

Arsenie and Arsenicals; Copper and 
Copper Salts; Mereury and Mercurials; 
Silver and Silver Compounds; Zine; Toxic 
Dyes (organic or mineral); Sulfanamides; 
Phenols and their derivatives; Cresols; 
Alcohols; Formaldehydes; Chlorine in ex- 
cess of 100 p.p.m.; Iodine; Fluorine; Bro- 
mine; all strong oxidizing agents such as 
Peroxides, Chromates, Dichromates, Per- 
manganates, ete.; Oils and Greases; Com- 


chemical 
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pounds producing Hydrogen Sulphide or 
any other toxic, inflammable or explosive 
gases, either upon acidification, alkaliza- 
tion, reduction or oxidation; strong redue- 
ing agents such as Nitrites, Sulphites, 
Sulphides, ete.; inflammable or explosive 
liquids or solids. 


4. Holding Tank 


All wastes for discharge to sewer shall be 
collected in a single basin which shall pro- 
vide a detention of not less than one-half 
hour at the maximum rate of flow, and 
two hours at the average rate. 


These specifications were net pre- 
pared with the idea of imposing undue 
hardship on industry or necessitating 
a great number of small industrial 
treatment plants. The question of 
pretreatment of waste is a moot one, 
and there are many valid arguments 
both pro and con. However, the writer 
is definitely inclined to the view that 
industrial plants with ‘‘objectionable 
wastes’’ should collect all spent liquids 
in a central holding tank for metering, 
diluting, equalizing, and minimizing 
shock loads. If the chlorine demand is 
in excess of about 25 p.p.m. and the 
volume of waste is appreciable, it 
should be partially stabilized by the 
application of chlorine. This proced- 
ure seems necessary since a great many 
wastes are high in reducing compounds 
and these often result in a depletion 
of dissolved oxygen of the sewage in 
laterals as well as trunk lines. Past 
experience has surely shown the diffi- 
culty of effectively treating sewage 
which arrives at the plant in a septic 
condition. 

The cost of this type of holding and 
oxidizing basin is quite reasonable, 
both in construction and operating 
charges. Precipitation does not always 
occur with this type of process and 
should be prevented if possible so that 
clarifiers, sludge handling, ete. will not 
be required at the industrial plant. The 
net result is primarily the elimination 
of excessive chlorine costs to the mu- 
nicipality and a reasonable assurance 
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that sewage will reach the treatment 
plant in a non-septie condition. 
Attention is called to the fact that 
these standards apply to trade wastes 
discharged into trunk and lateral sew- 
ers whose primary function is the con- 
veyance of domestic sewage. They 
are not applicable to industries dis- 
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charging direct into streams, or into 
a trunk sewer whose principle function 
is the collection of trade wastes. 

The writer respectfully submits 
these regulations, not as the last word 
by any means, but as a modest con- 
tribution towards objective thinking 
and planning. 


NATIONAL PLUMBING CODE PLANNED 


Hope that a uniform national 
plumbing code may at last be forth- 
coming is seen in a statement by Fran- 
cis B. Elder, APHA Engineering 
Associate, before the New York State 
Sewage Works Association on January 
21, 1949. In a move toward this end 
the U. S. Department of Commerce is 
now planning to form a joint commit- 
tee consisting of representatives of 
various national plumbing, housing 
and public health organizations. 

Mr. Elder noted that there are pres- 
ently in existence more than 1800 local 
plumbing codes, a situation which en- 
genders considerable confusion, waste 
and inefficiency. Reference was also 
made to four national or regional 
codes, namely, that used widely on the 
West Coast as adopted by the Western 
Plumbing Officials Association, the 
tentative code prepared by the Build- 


ing Officials Conference of America, 
the ‘‘Uniform Plumbing Code for 
Housing’? (Housing and Home Fi- 
nance Agency), and the ‘‘ American 
Standard Plumbing Code’’ (Commit- 
tee A40, American Standards Associa- 
tion). Mr. Elder reported a favorable 
trend in that the latter two ‘‘national’’ 
codes differ in only a few minor ele- 
ments. 

The proposed joint committee will 
undertake to foster necessary research 
and to assemble basie data not now 
available. These functions are stated 
by Mr. Elder to be essential to the es- 
tablishment of a nationally acceptable 
code. Mr. Vincent Manas, Office of 
Domestic Commerce, U. 8S. Department 
of Commerce, is taking a leading part 
in the creation of the new coordinating 
committee. 
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Stream Pollution 


The purpose of sewage and waste 
treatment is to protect the condition 
of streams consistent with reasonable 
uses of the water heritage. In sewage 
and waste disposal it is not economi- 
eally feasible to provide such a high 


degree of treatment as to return 
streams to virgin conditions. On the 


other hand, neither can our water re- 
sources be allowed to degenerate to a 
point where they are useful only as 
sewers. Approached from either of 
these extremes, the problem of stream 
pollution is too frequently over-simpli- 
fied, as both ignore completely nat- 
ural self-purification capacities. If pol- 
lution control and stream improvement 
are to be promoted on a sound and 
economical basis, with the support of 
taxpayers, it is essential to take into 
consideration natural self-purification. 
Recognition of this takes the problem 
out of the realm of legislative, legalistic 
procedures and makes it strictly an 
engineering endeavor. 

An engineering approach implies a 
thorough understanding of all the fae- 
tors at play. The rational allocation 
of stream uses, the establishment of 
realistic stream standards and the 
sound and economical design of sewage 
and waste treatment works—all rest 
fundamentally on the evaluation of the 


*Presented at 20th Annual Conference, 
Pennsylvania Sewage and Industrial Wastes 
Assn., State College, August 25-27, 1948. 

+ Part I published in Tu1s JourNAL, 19, 
4, 629 (July, 1947). 


FACTORS INFLUENCING SELF-PURIFICATION AND 
THEIR RELATION TO POLLUTION ABATEMENT 


II. Sludge Deposits and Drought Probabilities * + 


By C. J. VEuz 
Head, Civil Engineering Department, Manhattan College, New York City 
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natural self-purification capacities pe- 
culiar to each particular stream. 


Dynamic Character of Rivers 


Rivers are individualistic, and nat- 
ural purification capacities vary radi- 
cally from stream to stream and from 
reach to reach along a river course. 
A river is not static; it is living, dy- 
namic, constantly responsive to the 
laws of biological change and the vag- 
aries that apply to living things. Fur- 
ther, each river is sensitively respon- 
sive to hydrologic fluctuations which 
follow the laws of chance and probabil- 
ity. 

Natural self-purification is not a 
fixed quantity, but rather a range in 
variability of capacity associated with 
biologie and hydrologie change. Fail- 
ure to recognize this dynamic character 
of natural purification results in rigid 
stream standards which cannot pos- 
sibly be maintained under the normal 
patterns of stream variability. 

Streams cannot generalized; 
hence, stream standards cannot be ap- 
plied wholesale to all rivers without 
regard to their widely varying natural 
self-purification capacities. Further- 
more, standards cannot be rigidly ap- 
plied to a particular river, as though 
self-purification were a fixed quantity, 
unrelated to hydrologic fluctuations or 
unrelated to varying purification ca- 
pacity along the course of a stream. 
And worse than rigid stream standards 
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is the practice of arbitrarily specify- 
ing quality requirements of the efflu- 
ents of sewage and waste treatment 
works, regardless of the varying nat- 
ural purification capacities of different 
bodies of receiving water. There is no 
eeneralization and no short-cut to this 
problem. The essence of stream contro! 
and sewage and waste treatment design 
is the evalution of factors influencing 
self-purification in each specific case. 


Self-Purification 


Measures of stream condition, to be 
of value, must be expressed in terms 
quantitatively related to water quality, 
reproducible under similar conditions 
and related to a measure of efficiency 
of sewage and waste treatment. The 
best such single measure is the quan- 
tity of oxygen required to stabilize pol 
lution by natural biological processes 
of deeay, or biechemical oxygen de- 
mand. Where pollution is discharged 
into a stream, the oxygen requirements 
to satisfy this demand are obtained 
from the oxygen dissolved in the river 
water. If the demand for oxygen is 
excessive in relation to that available. 
the D.O. is exhausted and the stream 
into complete bankruptcy. Thus. 
the B.O.D. of pollution may be re 
carded as liabilities—outstanding debts 

and the D.O. of the river water as 
Stream solvency depends on the 
relation between rate of amortization 
of liabilities to the rate of income from 
assets, where oxygen instead of dollars 
is the medium of exchange. 

On this basis, factors influencing the 
liabilitv side ean be listed as: the 
characteristics and quantity of pollu- 
tion and its fluctuations; the rate of 
its amortization at various tempera 
tures; any distortions such as immedi- 
ate demand or lag; the effect on amorti- 


assets. 


zation of changes in time of passage 
down the river induced by variations 
in channel cross-sections and fluctua- 
tion in runoff, including artificial ef- 
fects from dams and storage reservoirs 
augmenting low flow or diverting nat- 
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ural runoff. In addition, two factors 
which ean radically alter the liability 
side of the ledger are extraction and 
storage of B.O.D. by biological growths 
on stream beds, and sludge deposits. 

On the asset side, the two primary 
factors influencing eash-on-hand and 
the rate of income are the D.O. carried 
in the runoff and inerements from 
tributaries, and reaeration. The first 
depends upon climatological and hy- 
drologie characteristies of the drainage 
and fluctuates with changes in 
runoff and temperature. Reaeration 
is a highly sensitive complex phenom- 
enon, depending upon degree of oxy 
ven depletion, temperature, river chan- 
nel depth, volume and turnover, which 
factors in turn fluctuate with hvdro- 
logie changes. In addition, algae and 
nitrates may, under environ- 
mental add to temporary 
income. Also, the effect of income may 
be produced by the loss of end prod- 
ucts to the atmosphere. such as eseape 
of TLS. 

Stream solveneyv or condition is the 
balanee between income and_ outgo 
along the of the stream. de- 
scribing a resultant D.O. profile. Ob 
viously, there may be an infinite num- 
ber of profiles. depending upon the 
combination of factors at play at the 
moment. One of the important facts 
deserving emphasis is the varying na- 
ture of the resultant D.O. Each river 
sets up its particular amplitudes or 
ranges in D.O. profile variation. 


area 
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conditions, 
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Sludge Deposits 


Scour 


To illustrate the dangers of generali- 
zation and the necessity for detailed 
evaluation of self-purification, consider 
two factors: and 
drought probabilities. Suspended sol- 
ids subject to deposit along the course 
of a stream or in pools behind dams 
ean produce a wide variety of effects 
upon deoxygenation and, hence, upon 
resultant D.O. In a natural stream 


sludge deposits 
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the 
the occurrence and accumulation of 
sludge deposits is the velocity of flow 


limiting factor which determines 


at which scour commences. Shields 
has defined this critical velocity as 


— /SBals — 1)d 


where V, is the mean channel velocity 
at which scour commences; B is a 
constant; g is the gravity constant; f 
is the Weisbach-Darey friction factor; 
s is the specific gravity of the particle; 
and d its diameter. 

From what is known of the perform- 
ance of grit chambers, B for fresh 
depositions of organie matter is 0.06, 
and a critical velocity of about 0.6 
f.p.s. is required to scour organic mat- 
ter granular in shape with diameters 
up to one millimeter. Under natural 
stream conditions, greater turbulence 
due to a higher value of f would allow 
an increase in B up to 0.22 with eom- 
parable results. However, in the event 
channel velocities fall below 0.6 f.p.s. 
over extended periods, organic settle- 
able solids will deposit and, in the 
process of accumulating, will cohere 
and compact, resulting in an inerease 
in B. Tf B is assumed in such in- 
stances to inerease to 0.8, the velocity 
required to induce seour of the ac- 
eumulation would inerease to 1.15 
f.p.s., or practically double that where 
accumulation and compaction did not 
oceur. Also, during accumulation de- 
posited particles no longer remain dis- 
crete, since they coalesce to form larger 
aggregations; hence, the sizes to be 
scoured increase and the velocity re- 
quired to induce scour will be further 
increased. To offset these tendencies, 
however, gases produced during diges- 
tion of organie deposits will agitate 
the accumulation and lift some par- 
ticles into the flowing stream. Thus, 
fresh organic sludge deposits under- 
going digestion may readily be scoured, 
probably at velocities between 0.6 and 
1.0 f.p.s. 
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For resettled partially or wholly di- 
gested material for which active gasi- 
fication has subsided, the previous 
tendencies adverse to scour hold, and 
higher velocities are required such as 
occur during freshets or flood dis- 
charges. Taking an extreme situation 
where B is 1.0 and organic deposits are 
stabilized material, a velocity to scour 
a 1 mm. diameter particle would be ap- 
proximately 1.3 f.p.s. 

A unique opportunity to observe 
such critical balances between channel 
velocity and deposit and scour was af- 
forded in studies of the Kalamazoo 
River made for the National Council 
for Stream Improvement. Two deposit 
areas separated by an intervening clean 
stretch were observed. A study of river 
hydrology and channel cross-sections 
revealed the following relations. For 
the reach in the river in which no de- 
posits occurred, it will be noted from 
Figure 1 that a channel velocity of 0.6 
f.p.s. would not occur until the runoff 
declined to about 130 e.f.s. From prob- 
ability studies it was determined that 
a runoff as low as this could be ex- 
pected once in 20 years; hence, for 
practical purposes sludge deposit and 
accumulation, according to theory, 
were rarely permitted. The cross-see- 
tion soundings through this reach re- 
vealed a complete absence of organic 
matter and a clean sand and gravel 
bottom. 

The upper deposit area below the 
city of Kalamazoo is indicated by 
Curve B. Here, it will be noted, a 
channel velocity of 0.6 f.p.s. or less is 
attained at a runoff below 700 e.f.s.. 
which oecurs frequently each year; 
consequently, it can be expected that 
at times sludge of organic character 
will accumulate. It will be further 
noted, however, that with runoffs be- 
tween 700 and 1,500 e.f.s., which also 
occur frequently each year, velocities 
would range between 0.6 and 1.0 f.p.s., 
sufficient to scour fresh actively de- 
composing sludge. An examination of 
cross-sections taken during a_ period 
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FIGURE 1.—Relation between mean channel velocity and runoff in the Kalamazoo River. 


when the runoff was around 835 c.f.s. 
indicated the presence of organic 
sludge but no large accumulations. 
Farther downstream in a pool area 
a large accumulation of relatively sta- 
bilized material was observed. For 
this area (Curve C) it will be noted 
that channel velocities of 0.6 f.p.s. or 
less oceur when the discharge is below 
1,500 ¢.f.s. Flows below this level oe- 
eur for protracted periods, giving op- 
portunity for extended accumulation. 
Thus, this zone receives the deposit by- 
passing or scoured from the upper 
area. Scour velocities in the pool area 
occur only during freshets and the flood 
season. 
Such 
deposits 


a critical balance of sludge 
and scour with river runoff 
wives rise to a very sensitive dissolved 
oxygen profile with periods of very 
sharp, deep drops when runoff is such 
as to permit deposit and accumulation. 


Accumulation and Demand 


To experience oxygen depletion in 
the overlying water in excess of that 
which is normally expected by demands 
satisfied in the flowing stream, sludge 
deposits not only must be able to occur, 
but they must be able to accumulate. 
The extent of the demand exercised is 
primarily a funetion of the level of 
accumulation. The level of this stor- 
age, in turn, is a function of the rate 
of biological decomposition and the 
length of period during which deposit 
may take place without scour. In 
practical application, the latter is con- 
trolling and the exact rate of decom- 
position is of less importance. Unless 
interrupted by scour, sludge accumu- 
lation continues until the daily demand 
exerted by the accumulation equals the 
B.O.D. of the daily deposit added. A 
means for practical evaluation is af- 
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forded by 
equation: 


Streeter’s unimolecular 


where Ly is the cumulative B.O.D. in 
pounds; P, is the B.O.D. added to the 
deposit in pounds per day; k’ is the 
specific rate of decomposition of the de- 
posit; and ¢’ is the time of accumula- 
tion in days. 

To illustrate the varying character 
of demand with sludge accumulation, 
the following graphical simplification 
may assist: 


Case I: This is the simple case of 


20 
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continuous, uninterrupted daily addi- 
tions and a constant rate of biological 
decomposition (Figure 2). Assume 
that the daily deposit of B.O.D. of the 
suspended matter is 1 lb. and the log- 
arithmic rate of decomposition constant 
k is 0.03 at 25° C. It will be noted 
that gradually the B.O.D. stored in 
the deposit accumulates and ultimately 
approaches an equilibrium level. When 
the equilibrium level is reached the 
daily demand from the accumulated 
deposit just equals the B.O.D. of the 
1-lb. daily deposit added, A to B. 
It will also be noted that it takes two 
months or more of continuous uninter- 
rupted depositing to approach this 
level. 


055 18 BOD 


ACCUMULATED POUNDS OF 8.0.0. IN SLUDGE 


EQUILIBRIUM ACCUMULATION - 14 5 LBS OF 


TIME OF 


ACCUMULATION 


FIGURE 2.—Sludge accumulation and demand—Cases I and II (k= 0.03 at 25 C.). 


IN DAYS 


|_| 
| 
= 20 
Ay 
10.8 
ef soo 
10 10 : 
3 9 
8 c 8 
6 € 
5 5 
4 4 
2 2 
a) 10 20 30 40 50 60 


SEWAGE WORKS JOURNAL 


March, 1949 


20 


1L8. 8.00 


IN| SLUDGE 


POUNDS OF B0.0 


EQUILIBRIUM 


ACCUMULATED 


5 
0.27.8 


DEPOSITING INTERRUPTED DEPOSITING RESUMED —— 


20 30 


TIME IN DAYS 


FIGURE 3.—Sludge accumulation and demand—Case III. 


Case II: In many instances river 
hydrology will not permit two months 
of uninterrupted depositing, and in 
such cases the demand will be less than 
the B.O.D. of the daily deposit. An 
integration of the daily deposits for 
the stipulated period will provide the 
demand. For example, after 10 days 
the storage is 7.0 lb. of B.O.D. and the 
demand on the tenth day is only 0.55 
lb. 

Case IIT: This might be taken as the 
common instance of irregular inter- 
rupted depositing such as might oceur 
when runoff is at times sufficiently high 
to by-pass the area or when sources of 
pollution are intermittently cut out 
(Figure 3). At A, deposits are inter- 
rupted and then biological decomposi- 


tion continues on the past accumulation 
down to B, where again depositing is 
resumed. It will be noted that the 
demand at A is 1 lb. per day at 
equilibrium level, but at B, 20 days 
later, the demand has declined to 0.27 
lb. 

Case 1V: A fourth case might be 
considered where complete scour associ- 
ated with flood oceurs, followed by a 
period of runoff sufficiently high to 
keep velocity above 0.6 f.p.s. During 
such a period there will be no sludge 
accumulation, and therefore no un- 
usual demand on the overlying water 
(Figure 4). 

Case V: A fifth case may occur 
where, following winter, a sudden rise 
in temperature, acting upon a large 
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accumulation 
duces active 


of dormant sludge, in- 
decomposition (Figure 
5). Storage accumulates to 34.5 lb. 
and the high temperature demand on 
the excess accumulation is greater than 
the B.O.D. of the daily deposit, or 2.6 
Ib. This prevails only for a short pe- 
riod, as the excess accumulation de- 
clines to the equilibrium level of the 
new temperature. Usually such a situ- 
ation does not occur as, fortunately, 
spring floods scour winter accumula- 
tions before warm weather sets in. 

Case VI: A sixth case may occur as 
the reverse of this, in which with a 
sudden decline in temperature, the rate 
of decomposition falls off and the de- 
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mand is less than the B.O.D. of the 
daily deposit (Figure 6). Assuming 
the accumulation is at equilibrium at 
25° C., the demand, with the sudden 
drop in temperature, declines to 0.7 
Ib. Accumulation, however, now in- 
creases and as the new equilibrium 
level at the lower temperature is ap- 
proached, the daily demand again ap- 
proaches that of the B.O.D. of the 
daily deposit. 

It is apparent from these simpli- 
fied illustrations that, depending upon 
hydrologie conditions, the daily de- 
mand from sludge deposits may vary 
from a small fraction to more than 
the B.O.D. of the daily deposit added. 
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FIGURE 4.—Sludge accumulation and demand—Case IV. 
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The extent of the distortion to the 
D.O. profile from sludge deposits, in 
addition to these examples of varying 
demand, depends upon the time of 
passage of the flowing water through 
the zone of deposit. If the time of 
passage is long—10 days or more—the 
difference in deoxygenation is slight 
because a large proportion of the 
B.O.D. would be satisfied in the flowing 
stream regardless of the occurrence or 
non-occurrence of deposits. On the 
other hand, where time of passage is 
short (a day or less) the deoxygenating 
effect of sludge deposits greatly ex- 
ceeds that which takes place in the 
flowing stream in the short period, and 
a sharp drop in the D.O. profile oc- 
curs. However, in such instances the 


30 
IN DAYS 
FIGURE 5.—Sludge accumulation and demand—Case V. 


zone of deposit serves as a natural 
treatment device, reducing the debt 
load for downstream reaches and thus 
raising the downstream D.O. profile 
above normal. 

No generalized expression such as the 
oxygen sag equation is applicable for 
refined analysis. Obviously, the effects 
of deposit cannot be lumped as an in- 
creased deoxygenation constant k. Not 
only is it necessary to compute deoxy- 
venation and reaeration separately, but 
it is also essential to deal with separate 
fractions of the load, integrating the 
colloidal and dissolved B.O.D. fraction 
remaining in the flowing water; then 
separately integrating the suspended 
solids B.O.D. fraction, dropping out 
the residuals in the areas where veloc- 
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ity permits deposit. The deposited 
fraction, in turn, must be integrated at 
its decomposition rate over a consider- 
able period prior to the date under 
investigation to obtain the quantity of 
accumulated storage. 

Applying this technique of analysis 
to the reach on the Kalamazoo River 
previously referred to, Figure 7 shows 
a comparison of what normally would 
be expected at a given runoff with that 
actually produced as a result of sludge 
deposits. Curve A is the computed 
profile with pollution remaining in the 
flowing water, without sludge deposits. 
Curve B is the computed and observed 
profile as a result of sludge aceumula- 
tion nearly at equilibrium. The sharp 
drop in vicinity of Mile Point 73 is 
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caused by the upper sludge deposit 
zone; the rise in D.O. is associated 
with the intervening zone where no 
sludge deposits occur, followed by the 
sharp decline in pool areas where there 
is again accumulation. The improve- 
ment to the downstream profile result- 
ing from upstream depositing is also 
noted. There may be any number of 
variations in D.O. profile between 
Curves A and B, depending upon 
sludge accumulation levels, determined 
principally by the prior pattern of 
runoff. 


Drought Probability 


Runoff plays a still larger role, for 
it affects assets as well as liabilities. 
Drought flows coincident with high 
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FIGURE 6.—Sludge accumulation 


and demand—Case VI. 
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FIGURE 7.—Comparison of normal D.O. profile with distorted profile due to sludge 
deposits—Kalamazoo River. 


produce ‘the greatest 
strain on self-purification, as amortiza- 
tion demands are increased while in- 
Since droughts follow 
the laws of probability, no evaluation 
of self-purification is complete which 
does not include a statistical analysis 
An ex- 
cellent means of determining drought 
probabilities is afforded by the applica- 
tion of the theory of extreme values 
developed by Gumbel (1 ) (2) for flood 
The full explanation of the use 
of the method would require a separate 
paper. 
fered, however, to illustrate the results 
of an application, to emphasize how 
radically the D.O. profile varies with 
different levels of drought severity. and 


temperatures 


come declines. 


ot droughts for each stream. 


tlow Ss. 


The following example is of 


how essential it is to reeognize and con 
sider drought probability in determin 
ing upon a stream improvement pro 
eram. 

Figure 8 is a set of computed D.O 
profiles that would result from a cer 
tain treatment scheme at summer 
droughts ranging from 450 to 175 
e.f.s. Probability studies disclosed that 


monthly average droughts of severity 
of 420, 292 and 219 e.f.s. may be ex- 
pected once in 2, 5, and 10 years, re- 
spectively. It is noted that each 
drought flow produces its correspond- 
ing D.O. profile and obviously, as 
drought severity increases, the D.O. 
profile will decline; but, these declines 
are expected less frequently as drought 
Further, it must 
be recognized that under the laws of 
probability there will inevitably oeeur, 
on rare oceasions, a drought of such 
severity as to cause stream conditions 
to fall below a desired level. These are 
which must be taken 
into consideration in any rational ap 
proach to stream control. 

Stream pollution control is analogous 
to flood control in that costs of protec- 
tion are balanced against runoff prob- 
ability. Any level of protection can be 
designed for but, like any insurance, 
the premium is based on the risk. Ob- 


severity increases. 


the tolerances 


viously, it is not economically feasible 
to provide treatment which insures 
the desired stream conditions during 
drought flows of such rarity of oceur- 
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rence as once in 100 years. On the 
other hand, it would be an economic 
waste to provide such limited treatment 
that a stream would degenerate below 
desired utility levels every year. Be- 
tween these extremes lies the practical 
solution. 


Practical Application 


It is not enough academically to 
point out the factors influencing self- 
purification and their complexities. 
The gap between what is known and 
what is applied is too great. What is 
ealled for is the application of this 
knowledge to the practical problems of 
stream control and improvement. The 
essence of good stream standards is 
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FIGURE 8.—Computed D.O. profiles Kalamazoo River; treatment scheme “C” 
(runoffs 175 to 450 c.f.s.). 
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THE OPERATOR’S CORNER 


One of the articles included in The 
Corner this issue describes the elimi- 
nation of storm water from the Wads- 
worth, Ohio sanitary sewer system. It 
illustrates a point often overlooked, 
namely, that the misuse of sanitary 
sewers by the connection of storm wa- 
ter drains generally is a gradual de- 
velopment which may go unrecognized 
until basements begin to flood or the 
sewage treatment works is overloaded 
with increasing frequency. The key 
position of the sewage works operator 
in this situation should be fairly ob- 
vious, but his role in controlling this 
type of sewer misuse very often is not 
recognized even by sewage works per- 
sonnel. 

3v virtue of personal observations 
and the availability of plant flow rec- 
ords, the operator is the individual best 
able to recognize the significance of 
changes in sewage flow and to evaluate 
them in relation to the current com- 
munity conditions. Illicit or improper 
storm water connections frequently ean 
be made to the sanitary sewers without 
detection, in spite of municipal regula- 
tions and inspection services, but the 
effects of such connections cannot be 
concealed from an intelligent plant op- 
erator. 

An operator must do more than re- 
cord data, however, if he is to detect 
changing conditions. Only a critical 
and objective study of data will pro- 
vide the perspective necessary for rec- 
ognizing the long-time trends in sewer 
usage which gradual flow changes may 
reveal. This is one of the many bene- 
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fits derived from the preparation of 
annual operation reports, when data 
are studied and compared with that 
observed over a long period of years. 
Flow variations which of themselves 
appear to have little significance, over 
a period of time may reveal an im- 
portant pattern of change. The objec- 
tive study of reliable sewage flow data 
is fundamental to the proper control of 
sanitary sewer connections. 

An operator’s interest in the prob- 
lem does not end once the fact of 
sewer misuse has been established. 
The personnel at Wadsworth, Ohio de- 
termined the specific causes for the 
excessive storm water in the sanitary 
sewers and did something about them. 
The practical methods used for de- 
tecting storm water connections and 
the effective control measures applied 
at Wadsworth merit the consideration 


of all who are faced with a similar 
problem. 
After sewer usage controls are 


adopted, a continuous check on their 
effectiveness is desirable. This is a 
service which the operator can con- 
tribute by closely watching flow fluctu- 
ations and correlating them with rain- 
fall, industrial activity, water consump- 
tion and other local factors. 

Storm water elimination from sani- 
tary sewers is more than a constant 
and universal problem. To the alert 
sewage works operator it presents an 
opportunity for enlarging his service 
to the community and for demonstrat- 
ing his initiative and resourcefulness. 

S. C. Martin 
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There is an old saying that there is 
a first time for everything. That was 
hard for me to believe until I was 
asked to tell the story of what hap- 
pened to me and thousands of others 
like me. I was very much surprised 
that anyone would be interested in my 
life or give me credit for being able 
to tell my life story for I am not very 
interesting to look at and have been 
ignored by many due to my physical 
condition. If I had been permitted to 
speak at various times when I was 
young and active, I could have saved 
my employer many anxious moments 
and a great deal of money. However, 
I am grateful for the opportunity to 
tell my story and I sincerely hope it 
will be of value to you. 

I am an outcast, discarded and set 
aside because I am no longer of use to 
anyone. I am any piece of worn-out 
equipment at any sewage plant regard- 
less of type, size, or place. In the be- 
ginning I was correctly designed and 
properly constructed to perform a 
given duty at a sewage treatment plant. 
I was properly installed and tested to 
the satisfaction of all concerned, and 
those who designed and built me sent 
along a set of operating instructions 
and a spare parts list to enable my em- 
ployer to keep me in good condition. 
I had high hopes of a long and suc- 
cessful career, and it seemed impos- 
sible that I could ever fail to perform 
my duties in a fully satisfactory man- 
ner. 

The operators were glad to have me 
and took pride in showing visitors how 
I performed. I was inspected pe- 
riodieally, greased occasionally, and 
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had the dust wiped off the most con- 
veniently exposed parts about once 
each week. As time went by it was 
taken for granted that I was not a 
trouble maker and could always be 
counted on to do my part at any time. 
My operating instructions and spare 
parts list were safely stored away in 
the bottom drawer of a desk, and other 
interests began to take up the time of 
the plant personnel. As I grew older. 
I complained a little from time to time, 
not too loudly at first, but loud enough 
to have commanded some attention if 
anyone had been near at the time. It 
seemed that the operator on duty was 
never quite finished with the sports 
page of the local newspaper, or it 
might have been the time that the 
superintendent’s wife had to have the 
ear cleaned in a hurry so, that she 
could take the wife of the chairman of 
the sewer committee out to dinner. At 
any rate, no one listened to me. 

There were one or two exceptions 
however, when I did receive a little 
extra attention. Several high officials 
were holding an inspection of the 
plant and I was hastily cleaned and 
greased, and I did feel some temporary 
relief from a few of my minor ail- 
ments. The inspectors, however, missed 
the most important part of their mis- 
sion and called the inspection very 
satisfactory. The operators and the 
supervision were then content to rest 
on their laurels, and I was soon in 
worse condition than before. 

Finally I could stand it no longer 
and I had a breakdown. I was dis- 
mantled and my broken parts removed. 
Contrary to my expectations, IT was 
not repaired at onee. No, the blame 
for my condition had to be placed on 
someone. After the usual amount of 
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passing the buck, it was decided that 
the man who designed me had missed 
his calling and should have been a de- 
signer of women’s clothes, and that if 
the truth were really known, he prob- 
ably never went beyond the fifth grade 
in school anyway. I was out of service 
six weeks, two of which were caused 
by the delay in securing a parts list. 
No one seemed to know just where the 
original parts list had been safely put 
away. When the repairs were finally 
ordered, only the broken parts were 
ordered, no consideration being given 
to the rest of my condition and the 
blame for the breakdown was shifted to 
the manufacturer in making a ‘‘defec- 
tive’’ part. 

I was finally returned to service 
after what they called ‘‘being over- 
hauled’’ and it was assumed that I was 
practically as good as new. There was 
no change in my eare and since the 
operators didn’t even take the trouble 
to lay a hand on me, they missed the 
fact that I was not properly lined up 
and that parts of me were running too 
hot. This caused my second inactive 
period and after that it was simply a 
repeat performance—just a matter of 
time until I was for repairs. 
Finally the time arrived when it was 
considered more economical to replace 
me with a new piece of equipment. 
My successor arrived and was installed 
in much the same manner as I had 
been and I sat back to watch develop- 
ments. 


down 


A vacancy in the operating person- 
nel occurred when one of the opera- 
tors moved 
examination 


to another state, and an 
was held to fill it. The 
new operator was an ex-service man 
and I could see that he knew his wav 
around when it came to equipment. 
Soon after he was assigned to a regu- 
lar shift I heard him ask another op- 
erator where the inspection schedule 
for the equipment was located and who 
did the work. He was told that the 
equipment was greased once a month 
and that inspection was a part of plant 
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operation, assigned to no one in par- 
ticular, whoever had time looked things 
over and reported his findings to the 
operator relieving him. 

The first time the new operator 
worked the ‘‘graveyard shift,’’ he was 
ordered to by-pass a settling tank and 
have things ready for the day shift to 
clean it. The by-pass valves were lo- 
cated in the pipe gallery on an over- 
head line and were very seldom used. 
The usual corrosion had taken place 
in one valve and it was stuck. The 
last time it had been used it had not 
seated properly and one of the opera- 
tors had given it an extra hard pull 
to force it to close. This combination 
set the stage for the new operator to 
break the valve stem when he at- 
tempted to carry out this assignment. 
The day-shift operator called the sup- 
ervisor and blamed the new man for 
being careless, and the new operator 
told the supervisor that if they had 
used a Preventive Maintenance Sched- 
ule the valve stem would not have 
broken since the valve would have 
opened and closed at regular intervals 
to insure its proper working condition. 
The supervisor, realizing that the 
trouble could have been avoided in this 
manner, asked him to explain just 
what such a schedule could do for the 
plant in general and here it what he 
was told! 

The adoption of a Preventive Main- 
tenanee Schedule establishes responsi- 
bility for the proper care of every piece 
of equipment and makes the personnel 
maintenance conscious. The effective- 
ness of such a program depends upon 
the close cooperation of both super- 
and operating personnel in 
scheduling and earrying out of the 
assigned duties and the keeping of com- 
plete and accurate records of all work 
done. The working basis for the pro- 
gram is set up from manufacturer’s 


visory 


specifications and the experience of the 
operators using the equipment. 

made out 
One ecard 


Two identical cards are 
for each piece of equipment. 
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is for a Master File controlled by the 
supervisor, and the other for a Field 
File for the men performing the in- 
spection and service. On the front of 
each card is entered a heading con- 
sisting of the name, type, number and 
location of the equipment, together 
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with a brief description so that it can 
be readily identified, and the title of 
the person responsible for doing the 
work. The maintenance work to be 
done is listed by Item Number in the 
order of the required frequency, as 
daily, weekly, monthly, quarterly, 


ren | x} man |X] |x| may some |x] |x] ava | >| seer. |} ocr. nov. ore. | x 
ety i UTILITIES INSPECTION AND SERVICE RECORD 
wo 7 ETL — FS, //-/ [vescewtion WEF 7ER DISTR/OUTOR, AMER WELL, MOTOR. DA/VEW 
PREVENTIVE MAINTENANCE TO BF DONE BY SEWAGE PLANT OPEAATOR , SOWM 
ITEM No WORK TO BE DONE REFERENCE FREQUENCY 
| CLEAN SETS. | 
| FLUSH ARMS 636 
FO, S57 | CHECK AIOTOR CONO/T/ON 
LUBRICATE_On SEAL AND GUIDE BEARING WEEKLY 
CHECK O14 LEVEL IN REDUCER 
é LUBRICATE MAIN THRUST BEARING _ Mowrniy monday 
CHECK FOR EXTREME SURGES 
Ze. Fe | TENSION AND ALIENMENT BELT ORIVE) (66 
Ea FREEZEOUT | QUARTERLY | FEB 
__3 AQUUST ALY | MAY, NOV 
CMECK BRUSHES ANDO CLEAN COLLECTOR KINGS | 
_ 72 | CMC ALIGNMENT ” 
_ SY KUSH _ANTIFRICTION BEARINGS = 


Schedule Inspection and Servicoon thie ede. 
( Revotd lnepection and Service on reverse side. 


: SERVICE RECORD 
care | DONE signco [ vate | WORK DONE | sicnco* | WORK DONE | sicnro 
fa Come (Pal? [379 142,450.97 Ox ZL 3/3 
Al 2/73 2. FO. | ME STAPLED CARD | 


FIGURE 1.—Equipment Inspection Record Card for Field File. 
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semi-annually and annually, and the 
time at which the inspection and serv- 
ice is to be done. The frequeney is 
determined by the Manufacturer’s 
specifications or by the careful sub- 
stitution of a frequency designed on 
the basis of local conditions and avail- 
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able personnel, incorporating as far as 
possible those items stressed by the 
manufacturer. The time refers to 
the day of the week or month in order 
to generally equalize the time between 
inspections. On the reverse side of 
the card, space is provided for the date, 


apr |X| mar sume |X| soy |X} ava |x| seer. |X| ocr. |x| mov. |X] ore. | x 


sam tees 
tour wo TO72 - 


WORK TO BE DONE 


UTILITIES INSPECTION AND SERVICE RECORD 


LXKRIPTION YE FALTER DISTRIBUTOR AMER WELL. MOTOR -ORIVEN 
PREVENTIVE MAINTENANCE Toe BE _DonE BY SEWAGE PLANT SHE OPERATOR, DOF 


FREQUENCY Time 


CLEAN VETS 


SZa 


| FLUSH 


CHECK RELIEF PIPE 


MECH MOT’ PR, CONDITION 


CHECK LEVEL IN REOUCER 


FOR EXTRE ME SURGES 


CHECK VS OA (GNMEN r 
CHECK GREASE IN MOTOR BALL 


oO ANO GUIDE BEARING 
LUBRICATE MAIN THRUST BEAR, NG 


V-BELT DRIVE) 
SEA RINGS 


WEEKLY MOVOAV 


THEY 


CHECK FREEZEOUT 


QUARTERLY | FEB 


ALVUST ARMS 
CHANGE REDUCER 


NG ALIGNMENT 
LLUGA AN TIERICTION BEAR NGS 


CVECK BRUSHES ANO CLEAN COLLECT IR NES 


CMAN 


Schedule Imepection and Sersnaon thaede 


Record Inepec tion and Service on reverse 


WORK DONE | SIGNTO 


SERVICE RECORD 


WORK DONE 


SIGNEO WORK DONE 


wo 2720 
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FIGURE 


2.—Equipment Inspection Record Card for Master 


File. 
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item number, work done and the ini- 
tials of the inspector. Properly ar- 
ranged as to frequency, the file becomes 
an actual work schedule insuring com- 
plete coverage of every piece of equip- 
ment in such a manner as not to inter- 
fere with routine operation but become 
an essential part of it. Complete cov- 
erage of every item for each piece of 
equipment at or near the time and fre- 
quency designated is essential for the 
success of the program. The back of 
each card must be completely and ac- 
curately filled in and initialed by the 
person doing the work. 

At the end of each month, the field 
eards are called in and all entries on 
the back of each ecard are checked 
against the schedule of inspections to 
insure that all items were properly 
covered. The work record on the back 
of the field file is then transferred to 
the corresponding card of the master 
file and becomes a permanent record. 

Figure 1 shows a typical card from 
the Field File, set up to service a filter 
distributor correctly. Figure 2 shows 
the Master File card for the same 
equipment item. 

By adopting and using a Preventive 
Maintenance Schedule the plant super- 
visor now has a good working picture 
of all equipment and can determine 
the extent of actual maintenance prob- 
lems. He knows how well each piece 
of equipment is functioning, and that 
it has been given the required lubrica- 
tion and attention. Te is able to de- 
termine if the repairs made have been 
satisfactory or if repeated repairs to 
a piece of equipment indicates poor 
workmanship, defective material, abuse 
of the equipment, or actual overload- 
ing. He can anticipate, with a marked 
degree of accuracy, what future re- 
pairs may be needed and thus prevent 
a breakdown of operational functions. 
The efficiency, work coverage, and in- 
terest in the work assignments of the 
plant personnel will be reflected by 
the results of following this mainten- 
ance schedule. 
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The plant operator or maintenance 
man performing these services will 
have the satisfaction of a job well done. 
His knowledge of each piece of equip- 
ment, its operational functions and 
maintenance, will increase. He will be 
able to fit himself for a more respon- 
sible position and command the cooper- 
ation of the plant supervision in all 
operational and maintenance problems. 
Preventive Maintenance finds the de- 
fects while they are in the minor stage 
and thus forestalls major break-downs. 
New personnel can quickly become fa- 
miliar with the types and locations of 
the equipment and relieve the super- 
vision of much of the usual time re- 
quired for instruction. The mutual 
responsibility and close cooperation 
between supervision and operating per- 
sonnel will be reflected in cost redue- 
tion and increased efficiency. 

As I said before, I listened while 
the Preventive Maintenance Schedule 
was explained and I noticed the usual 


reactions take place in the attitude of 


the supervisor. He could not deny 
the merits of such a system but hesi- 
tated to start such an overall change 
of policy, especially when it appeared 
to be adding additional duties to what 
he considered to be a full work sched- 
ule as it now existed. However, after 
some careful study and planning, he 
decided to try it. It wasn’t smooth 
at first, and the gripes of the operators 
could be heard all over the plant—but 
it really worked! No, it’s not a cure- 
all, but it has eliminated 75 per cent 
of the former headaches, and my only 
regret is that they didn’t have this 
system when I was young. 

That’s about all there is to my story. 
I know that some of you will go along 
as you always have and keep the as- 
pirin handy. Some of you might take 
the time to think it over in your spare 
time, if any. And perhaps one of you 
might possibly try it. But if my story 
makes it possible to save only one piece 
of equipment from becoming worn-out 
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and useless through neglect and abuse, 
I can feel that someone has benefited 
by my experience. 

I’m sure that I am a good ‘‘bad ex- 
ample’’ 


of old fashioned maintenance, 


Frontiers are always fascinating 
places to investigate and invade. One 
of the most interesting frontiers re- 
maining for engine application is in 
sewage treatment plants. It is in no 
way a virgin territory, for it has been 
successfully invaded for some vears. It 
is, however, one of those vast areas 
that is being rapidly opened to engine 
applications and is a field in which the 
internal combustion engine is most 
uniquely and capably used. The gas 
available from the treatment process 
lends itself to most economical utiliza- 
tion in an engine. These engines can 
be used as prime movers for the gen- 
eration of electricity and for pumping 
of either air or 

The 


eines in 


water 


subject of application of en- 


sewage treatment plants is 


one having many ramifications. each 
branch of which might be taken for 
discussion in an entire paper. Time 


limitations demand confining the dis- 
cussion to but four of these phases 


High Temperature Cooling 

High temperature cooling is defined 
as the type used wherein 
the temperature of the engine jacket 
water is above the boiling point of wa 
ter at the normal pressure of the atmos- 
phere. 
under pressure, it is possible to have 
the water retain its state as that of a 


if cooling 


By putting the engine jackets 
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and it’s up to you to bring your 
maintenance practices up to date. If 
you keep on beating your brains out 
doing maintenance the hard way, YOU 
might end up like me! Who knows? 


liquid and yet be at temperatures in 
excess of 212° F. 


Condensation 


The use of high jacket water tem 
peratures, as a method of cooling, is 
rapidly becoming aceepted as a very 
Wa- 
ter in an internal combustion engine 
has a Dr. Jekyll and Mr. Hyde _ per- 
sonality. It must be in the engine 
jacket and must be eireulated at a 
reasonable rate. It must not be al 
lowed to form in the combustion cham- 
ber as a condensate. 


desirable condition of operation. 


There are large 
quantities of HO formed in the prod- 
ucts of combustion. In sewage engine 
applications, this quantity may be as 
high as 114 gal. for each 10 b.hp.-hr. 
The temperature at the time of com- 
bustion, of course, causes the state of 
the H.O to be that of a gas. Upon 
expansion, however, the gases cool and 
should they cool to temperatures cor- 
responding to the dew point of the gas 
for the encountered. 
densation will oceur. 
tion that eaused by 
contact of the exhaust gas with the 
evlinder walls, which themselves must 
be sufficiently cool to cause eondensa- 
tion to occur. The water. if allowed 
so to condense. has an objeetionable 


pressures 
This ceondensa- 


may oeeur is 


habit of combining with any sulfur 
that may be present, to form corrosive 
acids. The condensate, further, has 


a serious effect in reducing Inbriecation 
qualities of the piston and liner, and 
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into the 


should the condensate get 
crankease, a serious sludging condition 


occurs in the ecrankease. The effect 
on the lubrication of piston and liner 
is to accelerate, to a high degree, the 
rate of wear. 


Control of Condensation 


The obvious way to counteract the 
effects of such condensation is to keep 
all metal surfaces hot enough so that 
under all pressure conditions within 
the combustion chamber it will not be 
possible to reach the dew point of the 
exhaust gases. There are several ways 
of accomplishing high temperature 
cooling. In all eases the jacket sys- 
tem must be well sealed to maintain 
pressure. The limits of the pressure 
are entirely set up by engine design. 
Most important are the gasketed joints 
and packing, particularly at the bot- 
tom of the cylinder liner for engines 
having removable cylinder liners. For 
this reason, relief valves or pressure 
caps are used which will relieve the 
pressure at the established maximum. 
Pressures, today, are generally below 
20 p.s.i., mainly because high tempera- 
ture cooling has generally been ap- 
plied to conventionally designed en- 
eines. 

The high temperature cooling water 
may be passed through either conven- 
tional heat exchangers, such as shell 
and tube type, or through radiators, 
or its heat recovered by blowing down 
the steam that is generated. This steam 
ean either be used, should there be a 
need, or it can be condensed in a con- 
ventional manner and pumped _ back 
into the jacket system. The system, 
when low pressure steam is utilized, 
is best known under the trade name of 
‘Vapor Phase.’’ Such utilization of 
low pressure steam has been success- 
fully applied in sewage plants by ex- 
tracting the steam from the engine 
jackets and supplementing the jacket 
water heat extraction by taking addi- 
tional heat from the exhaust. Under 
such an arrangement it is possible to 
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obtain approximately 4 to 5 Ib. of 
steam per b.hp.-hr. at 10 lb. gauge. 


Thermal Shock 


Further advantages are to be gained 
by the use of high temperature cool- 
ing insofar as over-all engine opera- 
tion is concerned. Thermal shock is 
frequently a source of trouble in en- 
gine operation. It generally is caused 
by sudden, heavy load changes. By 
maintaining high temperature and 
relatively high flow rates of cooling 
water, the difference between maxi- 
mum and minimum temperatures of 
water in and out of the engine is held 
to within close limits and, the engine 
being already very hot, the effect of 
sudden load change is greatly mini- 
mized. Further, with high tempera- 
ture cooling the specifie temperature 
of the several parts throughout the en- 
gine is maintained more uniformly, 
thereby minimizing the effect of tem- 
perature differential during operation. 

One of the most difficult hurdles in 
obtaining efficient high temperature 
cooling is the mental attitude of the 
operator whose past experience has 
been based on cooling water tempera- 
tures in the vicinity of 120° to 140° F. 
The low maintenance costs of engines 
operated under high temperatures, 
however, are rapidly breaking down 
this prejudice. 


Torsional Vibration 


Torsional vibrations occur in any 
power unit consisting of a reciprocat- 
ing engine connected to some type of 
driven equipment. The rotating shaft 
system of any such installation has a 
natural frequency of torsional vibra- 
tion. If the frequeney of the force 
impulses from the prime mover should 
be at resonance with this natural fre- 
quency or at a harmonie of this nat- 
ural frequency, serious vibrations will 
be built up which may cause eventual 
shaft failures. The speeds at which 
these vibrations build up are called 
‘‘eritical speeds.’ The forces causing 
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the building up of such vibrations may 
eome from either the driving or the 
driven equipment. The manner in 
which the torsional vibrations mani- 
fest themselves is generally by noise 
in the system, particularly if there are 
gears located in, or connected to, the 
shaft system. 
Critical Speeds 

It is possible to ealeulate these eriti- 
cal speeds most precisely and to de- 
termine the magnitude and the range 
over which these vibrations may occur. 
With sufficient latitude given to the 
engine builder, it is possible in most 
eases to control the location of these 
critical speeds by altering the magni- 
tude of the masses in the rotating svs- 
tem and by controlling the diameter 
and length of the entire connecting 
shafting. The responsibility for satis- 
factory torsional vibration-free oper- 
ation is accepted by the engine builder 
and, with sufficient freedom in the se- 
lection of the location of the machinery 
and shaft size, he can present a design 
which will produce an acceptable con- 
dition of operation. It is necessary, 
however, that complete and accurate 
data be supplied by the manufacturers 
of the driven equipment, for the build- 
er’s calculations will be accurate only 
to the extent of the accuracy of the 
data given by these vendors. It is 
likewise desirable that such informa- 
tion be given early in the stages of 
the development of the plant in order 
that suitable leeway and freedom for 
location of equipment can be available 
before structural or arrangement limi- 
tations are set up. 
Eliminating Criticals 

It is not always possible, from an 
economical standpoint, to eliminate all 
serious criticals within the operating 
speed range of an application. In such 
a case, the location of the eriticals can 
be controlled when sufficient freedom 
is given and, therefore, the harmful 
critical speed can be so located that 


SEWAGE WORKS JOURNAL 


March, 1949 


it is not necessary or desirable to op- 
erate at that speed. It then becomes 
necessary for the operator to develop 
a technique of passing through the 
critical speed range quickly. In order 
for a torsional vibration to build up 
to a point of danger, it is necessary 
that the engine be operated at that 
point for several seconds. 

Should there be a reduction or a 
speed-up gear between the engine and 
the driven equipment, there is an ad- 
ditional burden thrown upon the tor- 
sional analyst to provide smooth, 
trouble-free operation. The gear prob- 
lem is one that is superimposed upon 
that necessary to provide a torsionally 
acceptable shafting system. The basic 
nature of the calculations, however, 
is Similar, it being necessary to be as- 
sured that there is always a positive 
torque across the gears to avoid the 
effects of oscillating torques causing 
gear rattle, and resulting pounding 
and eventual failure. To control satis- 
factorily the problem of positive 
torque across the gear, the main factors 
required are the freedom to use an 
adequately sized flywheel, the type of 
coupling, and the size and length of 
connecting shafting. 

Torsional ecriticals have always been 
present in all machinery. However, 
precise knowledge of the problem and 
the ability to analyze it are fairly new. 
It received its greatest attention as a 
result of difficulties eneountered in 
German submarines in World War TI. 
Similar to high temperature cooling, it 
is frequently difficult to convince oper- 
ators, whose background has been con- 
fined to older, heavier, slower speed 
operating machinery, that such a thing 
as torsional vibration is a real and ab- 
solute condition over which the engine 
builder has no specific control other 
than to analyze and design the equip- 
ment so that all conditions of opera- 
tion are entirely acceptable and vibra- 
tion free. Torsional vibration is not a 
condition which the designer either 
puts in or takes out, but is a character- 
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istic of the type of equipment used. 
It should be understood that all forms 
of shaft vibration are not torsional 
eriticals. The most common vibration 
trouble, which is frequently charged 
to torsional vibrations, is shaft whip- 
ping. This type of vibration is caused 
by the natural deflection of the shaft 
in its mounting between two bearings, 
and it is most satisfactorily remedied 
by adding another line shaft bearing. 


Safety Controls 


Safety controls on engines, or any 
operating piece of equipment, are es- 
sential as a form of insurance. Like 
most insurance, safety control re- 
quires investment, the magnitude of 
which is proportional to the degree of 
protection considered necessary or de- 
sirable. It is necessary for the proper 
functioning of an internal combustion 
engine that there should be an ade- 
quate quantity of water for cooling in 
order that the maximum temperature 
considered safe for operation will not 
be exceeded. In addition, it is neces- 
sary that the engine have an adequate 
quantity of lube oil at sufficient pres- 
sure and at temperatures not exceed- 
ing the point that may cause break- 
down of this oil. 

No mechanical device has yet been 
conceived that is perfect. To a great 
extent the degree of satisfactory oper- 
ation obtained depends upon the qual- 
ity of plant supervision and mainten- 
ance provided by the plant engineer. 
Accordingly, the human element is a 
very important factor in the picture 
of satisfactory operation. The fre- 
queney of inspection and the quality 
of operation and operational care re- 
quired are inversely proportional to 
the amount and type of protection de- 
sired by safety devices. 

Even though it may be considered 
desirable to have maximum protection, 
the application of safety devices must 
be used with discretion. It is possible 
to go thoroughly overboard by having 
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protective devices for protective de- 
vices, ad infinitum. 


Pressure and Temperature Controls 


Generally it is sufficient in the most 
simple form of protection to have a 
switch device operated by the lube oil 
pressure and a switch device operated 
by high temperature in the cooling 
water system. Should the lube oil 
pressure fall below a predetermined 
minimum safe figure, the closing of 
this switch will ‘‘make’’ a_ circuit 
which will sound an alarm and light 
a lamp to indicate the source of trouble 
being announced by the alarm. Simi- 
larly, with a switch in the cooling wa- 
ter system, should the temperature ex- 
ceed that value which is considered 
safe, the switch will be closed and simi- 
lar warning occur. If there is the 
possibility that an attendant may not 
be on hand at all times to do some- 
thing about such abnormal conditions, 
it is then desirable that such contact- 
ors be so connected to the source of 
fuel that the fuel is cut off from the 
engine, thereby stopping the engine. 

It is not unusual to provide duai 
contacts for the two conditions indi- 
eated previously. The first of these 
will sound an audible alarm and light 
the proper indicating light to point 
out the source of difficulties. The sec- 
ond will be set at slightly higher tem- 
perature, in the case of the water, 
and slightly lower pressure in the case 
of the oil. for shutting down the en- 
gine. This further illustrates the 
necessity for determining the amount 
of premium to be paid for the insur- 
ance desired. 

The statement made regarding the 
perfection of the engine applies 
equally well to the protective devices. 
They, too, are subject to improper op- 
eration and, rather than duplicate the 
equipment, it is desirable to check the 
operation of the system periodically. 
Many alarm systems have test circuits 
to indicate the correct functioning of 
the lights and howlers. However, it 
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must be remembered that the pressure 
and temperature devices mounted on 
the engines themselves should oceasion- 
ally be removed and checked for 
proper operation. 

Although generally not used to actu- 
ate safety devices, quantity of water 
and oil is important. It is possible to 
apply level indicators to actuate alarm 
cireuits which will signify insufficient 
quantity of these fluids for safe opera- 
tion. The major problem again, is 
how far it is considered necessary to 
zo in setting up alarm systems and 
safety devices. 


Speed Safety Controls 


Most rotating and reciprocating ma- 
chinery has maximum safe limits of 
speed. It is desirable, therefore, that 
additional protection be provided for 
controlling the speed of the prime 
mover, should its normal speed control 
The most 
satisfactory method of control is to 
provide an additional governor which 
is completely independent in its action 
from that of the normal governor. 
This auxiliary governor should be set 
so that, at approximately 10 per cent 
above the anticipated normal speed of 
the engine, it will be completely shut 
off the fuel supply. 

On electric generating 
also necessary to tie into the switch- 
board with an protective 
mechanism, in order that the main cir- 
euit breaker will take the engine and 
venerator off the board. 
necessary because it may not be mal 
function of the engine that causes the 
overspeed, but an electrical difficulty 
which could convert the generator to a 
motor, thereby driving the engine at 


devices become inoperative. 


units it is 


overspeed 


This becomes 


excessive speeds. Only by opening the 
breaker ean the 

from such 
from this source. 


main circuit 
be protected 


engine 


overspeeds 


Variable Spe ed Controls 


There are applications of internal 
combustion engines in sewage disposal 
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plants where the amount of work to 
be done varies over fairly large ranges 
throughout the period of a normal cycle 
of operation. Pumping water from di- 
gester tanks is an example. The rate 
of flow into the tanks may vary over 
a fairly large range, and it is desirable 
that the level in the tanks be main- 
tained at a fairly constant point. It 
becomes desirable then to provide de- 
vices that effectively read or indicate 
the liquid level in the tank and trans 
mit this information, as it were, to the 
engine so that the pumping rate out 
of the tank will vary as the rate of 
inflow. 

Because compressed air is available 
for starting, air becomes a very suit 
able source of energy to operate the 
mechanism for aecomplishing 
and load changes. A device which is 
referred to as a ‘‘master’’ is mounted 
at or near the tanks and, in turn is 
operated by a float. This float is 
mounted on the end of the lever which 
changes the position of the mechanism 
within the master unit as it rises and 
falls. device ealled a ‘‘slave’’ is 
attached to the engine and controls 
the governor. The master can be con- 
sidered air 
valve. 


speed 


revulating 
The position of the water level 
in the tanks is transmitted through the 
float and linkage, actuating the mech- 
anism in the master which in turn 
changes the pressure in the air system. 
The higher the level of water, the 
vreater the pressure in the system. 
This greater air trans 
mitted to the slave unit, which is basie- 
ally a evlinder operated against a fixed 
coil spring. 


pressure 


pressure iS 


Increased air pressure 
moves the levers on the slave which in 
turn transmits this motion to the en- 
vine governor, thereby controlling the 
speed. By inereased speed, the pumps 
displace greater quantities of water, 
thereby meeting the requirements in- 
dicated by the rising level in the tanks. 

It is for such a control 
system to maintain, between maxi- 
mum and minimum air pressure con- 
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ditions, a difference of no more than 
20 to 30 lb. per square inch. The size 
of the diaphragm or piston, or the 
magnitude of the spring can be so 
designed that the resultant force is 
sufficient to operate the engine gov- 
ernor and linkage. As in most engine 
speed controlling devices, a differential 
is required to avoid hunting or un- 
stable speed control. This differential 
in the pumping operation is obtained 
by the height of the liquid in the tanks 
from which the liquid is being pumped. 


Synchronizing Speed Controller 

It is frequently necessary to have 
more than one engine pumping from 
the same tank, which brings about a 
condition whereby there may be but 
one master and several slaves. Funda- 
mentally the system is not increasingly 
complicated because of such arrange- 
ment, but the problem of synechroniz- 
ing the several engines to approxi- 
mately the same speed becomes 
mandatory. To accomplish this syn- 
chronization an auxiliary air cylinder 
is designed into the slave units. The 
unit for operating the auxiliary cyl- 
inder of the slave units is controlled 
by the plant operator. Where there 
may be a speed control by the major 
‘“master-slave’’ combination of several 
hundred r.p.m., the auxiliary eylinder 
of the slave unit has a maximum con- 
trol of approximately plus or minus 20 
r.p.m. Generally, once set all engines 
will maintain synchronism to a suffi- 
ciently close degree to obviate the re- 
quirement of continuous adjustment 
over the speed range. 


Supercharging 


The ability of any engine to produce 
power is a direct function of the 
amount of air and fuel that it is pos- 
sible to get into the working evlinders, 
the amount of air being the most criti- 
eal. Prior to supercharging, the 
ability to overload an engine was fre- 
quently limited by the basie design of 
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the engine itself, insofar as the valves 
and manifolding were concerned. This 
is more the case with the spark ignition 
carburated type engine than with the 
normally aspirated diesel engine. 
Manifolding on a carburated engine 
can be so designed that even with 
wide open throttle the maximum load- 
ing would be such that little harm 
could be forced upon the engine by 
overloading. In a diesel engine, on 
the other hand, operating under con- 
ditions of excess air in considerably 
higher percentages than a spark ig- 
nition engine, it is possible to increase 
the fuel rate to the point that over- 
loading results, the warning being a 
smoky exhaust and high exhaust tem- 
peratures, indicating poor combustion. 
Normally aspirated engines, of either 
sparks ignition or diesel type, have 
satisfactorily proved themselves as be- 
ing capable of operating 24 hours a 
day, 7 days a week, at 80 psi. 
B.M.E.P. At this rating, there is still 
an acceptable overload capacity for 
short periods within any one day. 

The advent of supercharging has 
brought about the possibilities of over- 
loading engines to a marked degree. 
Maximum fuel rate rather than the 
quantity of air becomes the limiting 
condition of load control. Dual fuel 
supercharged engines increase a step 
further the possibilities of engine over- 
load by virtue of designing into the 
engine two fuel systems from each of 
which it is possible to obtain 100 per 
cent rated load. Approximately 120 
p.s.i. B.M.E.P. is considered a_ basic 
normal rating for continuous service. 
Higher output engines have been de- 
signed and are being operated, but 
these are generally used for those in- 
stallations requiring intermittent duty 
at higher ratings. 

The manufacturer of engines pro- 
vides suitable protective devices to 
limit the fuel rate on the engines as 
built when they leave the factory. 
These protective devices should be re- 
spected and considered by operators as 
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In 1931 the city of Wadsworth, Ohio 
was confronted with a serious sewer 
problem. Being served by a separate 
sewer system, storm water had become 
an increasingly serious burden to the 
sanitary sewers. These were often sur- 
charged, and the sewage treatment 
plant was flooded out during periods 
of heavy rainfall. It became apparent 
that drastic steps were necessary to 
correct a condition that made the sew- 
ers inadequate to carry the excessive 
rates of flow as well as making the 
sewage treatment plant entirely in- 
capable of serving its intended purpose. 

The onset of this problem was not 
rapid; rather, it was so gradual that 
few realized the extent of the sanitary 
sewer system. This was naturally so 
in the case of Wadsworth, for the ter- 
rain is quite hilly. Otherwise the first 
indications would have resulted in base- 
ment flooding and a never-ending num- 
ber of complaints from those damaged. 

The cause for misuse of the sanitary 
sewers might be attributed to several 
causes. The most important are: (1) 
lack of inspection for making new 
connections to the sanitary sewer, and 
(2) lax enforcement, or possibly the 
lack of a regulatory ordinance re- 
quiring proper connection and sani- 
tary and storm sewers, as well as au- 
thority for complicance thereto. 

The city of Wadsworth eventually 
realized that it was confronted with 

* Presented at 22nd Annual Meeting of 
the Ohio Sewage and Industrial Wastes 
Treatment Conference, Dayton, Ohio, June 
23-25, 1948. 
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devices provided for protection and as 
insurance for long-time, trouble-free 
operation. As with the alarm type of 


ELIMINATION OF STORM WATER FROM SANITARY 
SEWERS AT WADSWORTH, OHIO * 


sy FRANK G. RANDALL 


City Engineer, Wadsworth, Ohio 


March, 1949 


protective device, all overload protec- 
tive devices should be observed and 
checked at regular intervals. 


improvements in the way of relief sew- 
ers and additions to the sewage treat- 
ment plant or a definite program of 
storm water elimination from the sani- 
tary sewer system. Having a separate 
sewer system reasonably adequate for 
sanitary sewage flows, the correction 
of the storm water problem was the 
choice. However, the municipal offi- 
cials realized that, first, a certain 
amount of educational work was neces- 
sary to inform the citizens of the 
reasons for this program and, second, 
that a firm stand must be taken to- 
ward uncooperative citizens to assure 


its success. 


Location of Improper Connections 

To establish proof of improper con- 
nections to the sanitary sewer system, 
sections of the municipality were sur- 
veyed. Rubber balls obtained from a 
rubber specialty manufacturer were 
purchased in two sizes—l4 in. diam 
eter of sponge rubber, and 1% in. di- 
ameter, hollow and of white rubber. 
These were numbered with waterproof 
black India ink which did not rub off 
with use. 

With a two-man crew, one or the 
other size balls were dropped into 
downspouts, and record was made of 
the number used at each particular 
residence. At the same time a ball 
was dropped in the basement drain if 
there appeared to be a question of 
whether or not it was connected into 
the storm sewer. The hollow balls 
were used wherever possible, as it was 
easier to collect these than the smaller 


ae 
: 3 
| 
> 
te 
4 2 


Vol. 21, No. 2 


ones. Special cases necessitated the 
use of the small 14-in. balls. 

Balls recovered at the sewage treat- 
ment plant were noted floating on the 
liquid surface. These were generally 
collected in the primary tanks. Storm 
sewer outlets and the receiving streams 
were inspected frequently to collect 
those expected to show up there. 


Corrective Action 


The manner of correcting improper 
connections was simple and forthright. 
First, the city adopted a suitable regu- 
latory ordinance establishing rules for 
inspection of connections to the sani- 
tary sewer system, with definite au- 
thority for enforcement. Second, ree- 
ords were kept as to where these checks 
were made, the number of the ball 
used at each location as well as the 
time and place of the recovery of the 
ball. No objection to placing of rub- 
ber balls was experienced. 

In cases where recovery of the rub- 
ber ball indicated misuse of a sewer, 
the resident was advised by letter that 
30 days would be granted for him to 
make correction under city supervision 
and in accordance with the regulatory 
ordinance. A form letter was used, 
and this was signed by the mayor. 
Also in this letter it was stated that if 
compliance was not accomplished with- 
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in the allotted time the city would do 
the work and assess it against the 
owners. 

The program was carried on over a 
2-year period, and only in a very few 
of the cases was it necessary for the 
city to undertake the corrective work. 

It is interesting to note that usually 
not over 2 or 3 days were required to 
recover the rubber balls at the sewage 
treatment plant. In some eases the 
rubber balls were lost and rechecks 
were required. 

The success of the Wadsworth pro- 
gram was gratifying in that the use of 
the sanitary sewer system was restored 
reasonably well to the purpose for 
which it was intended, and afterwards 
the sewage plant rarely experienced 
more than 214 times the dry weather 
rate of flow even during extended rainy 
periods. Possibly a low amount of in- 
filtration favored this accomplishment. 

In spite of close inspection of the 
sewer connections there has been some 
indication of sewer misuse in the past 
year, so another survey of areas known 
to produce the heavier wet weather 
flow increases will be made as time 
permits. 

Storm water elimination from a sani- 
tary sewer system is an endless prob- 
lem but one that can be controlled by 
diligent work on the part of the city. 


ELIMINATION OF STORM WATER FROM SANITARY SEWERS 


The average domestic sewage flow 
from a dwelling does not generally ex- 
ceed 40 to 50 gal. per capita daily. 
However, in determining the sizes of 
sewers required, a maximum rate of 
sewage discharge is generally assumed 
as about 300 g.e.d.; this is equivalent 
to a flow of about 0.2 g.p.m. For the 
average family this is equivalent to 
0.7 g.p.m. 


—A DISCUSSION 


By Homer Knox 
Principal Assistant Engineer, Ohio Department of Health, Columbus, Ohio 


The average roof area per dwelling 
is about 900 sq. ft. Assuming a rain- 
fall intensity of 2 in. per hour, the roof 
drainage from a dwelling is 18.75 
g.p.m. or 27 times the maximum rate of 
sewage from the dwelling. 

The capacity of an 8-in. sewer, flow- 
ing full on a minimum grade of 0.4 
per cent (using n = 0.013), is 0.7 ¢.f.s. 
or 315 g.p.m. Hence, roof connections 
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from only 17 houses could cause this 
sewer to flow completely full. This 
same sewer would be capable of re- 
ceiving the sewage flow at a rate of 300 
g.c.d. from a tributary population of 
1,500 persons living in 428 dwellings. 

The foregoing figures forcibly illus- 
trate the effects that even a few roof 
drains can have on a system of sanitary 
sewers. 

Basement flooding caused by sur- 
charged sanitary sewers probably re- 
sults in ten times as many complaints 
as all other features of a sewer system. 
The complainant often does not know 
that he himself is contributing to the 
problem. 

The residential district cannot afford 
to install sewers of sufficient size to re- 
ceive both sanitary sewage and roof 
drainage. It is cheaper to install sep- 


where vou 
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INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


‘*Do the best you ean with what you’ve got 


March, 1949 


arate systems of sewers for sanitary 
sewage and storm water. Some munici- 
palities are now requiring that sanitary 
sewers be designed to receive a flow 
of 1.0 ef.s. or even 1.5 ¢.f.s. per 100 
acres. Assuming a population of 20 
persons per acre, a flow of 1.5 e.f.s. per 
100 acres is equivalent to a rate of 
about 500 gal. per eapita daily. 

Such increased allowance admits the 
probability that storm water connec- 
tions to the sanitary sewers may not be 
completely eliminated. Such increased 
allowance in sewer capacities is not the 
answer to overloading of sewers. The 
only satisfactory solution to this prob- 
lem is the proper inspection of sewer 
connections to prevent any roof drains 
or other storm water from discharging 
into the sanitary sewers. 


are.’ 


-KVP 


Illinois Bldg., Champaign, Il. 


Attention operators! It will be appreciated if copies of all annual reports of both large 
and small plants are sent to the Federation office for abstracting in this section of the 
Journal. Carbon copies of typewritten reports will be promptly returned on request. 
Please direct annual reports to: Federation of Sewage Works Associations, Room 325, 


A total of 44,870 m.g. of sewage was 
treated by the plant during 1947, av- 
eraging 125.6 m.g. per day. A total 
of 36.668 eu. ft. of sereenings and 
162,270 eu. ft. of grit were removed. 
During the vear 120,092 tons of filter 


* For last previous extract see THIS Jour 
NAL, 19, 6, 1075 (Nov. 1947). 


Fifteenth Annual Report of the Minneapolis-St. Paul Sanitary District 
for the Year 1947 * 


By Kerwin L. Mick 


Chief Engineer and Superintendent 


“ake were produced, containing 36,633 
tons of dry sewage solids. 
Plant Loading 


From an estimated tributary popu- 
lation of 900,000 in 1947, the following 
per capita values obtained : 


1) Sewage flow, g.p.c.p.d.—139. 
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(2) Suspended solids, raw sewage, 
lb. per cap. per day—0.33. 

(3) Biochemical oxygen demand, raw 

sewage, lb. per cap. per day— 

0.23. 


Assuming 0.17 Ib. of 5-day B.O.D. 
per capita per day for domestic sew- 
age only, the population equivalent of 
the sewage and wastes received at the 
plant during 1947 was 1,230,000, or 
36.6 per eent greater than the esti- 
mated population of 900,000. Indus- 
trial wastes account for the major 
part of this difference, and according 
to these figures would amount to 26.8 
per cent of the pollution load on the 
plant. 


Vacuum Filtration 

Sludge from the settling tanks is 
pumped to concentration tanks where 
it is held approximately 1 day for con- 
centration. The effectiveness of these 
tanks is indicated by the average in- 
crease in solids content from 8.03 per 
cent in the raw sludge to 9.09 per cent 
in the coneentrated sludge. In addi- 
tion, these tanks serve as a means of 
storage and level off variations in 
solids content due to rapid changes in 
sludge characteristies. A total of 91.4 
m.g. of concentrated sludge was filtered 
during the year. The average solids 
content of the filter cake was 31.5 per 
eent, and 64.0 per cent of the solids 
were combustible. 


Sludge Conditioning Chemicals 


Chemicals used for sludge eondition- 
ing during 1947 were ferric chloride 
and ferrie sulfate, expressed as ferric 
chloride, fed at an average dosage of 
1.28 per cent of the weight of the dry 
sludge solids, and lime at an average 
dosage of 3.69 per cent, expressed on 
a ealeium oxide basis. 

Ferric chloride was used in this plant 
for the first 9 vears of operation, but 
in June of 1947 it became necessary to 
to change over to ferrie sulfate (Ferri- 
Floe), no bids having been received 
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on ferric chloride. This involved using 
a new chemical with entirely different 
handling and feeding characteristics, 
ferric sulfate being supplied in the 
dry granular form in bulk carloads 
while ferric chloride had been supplied 
in solution form in tank ears. 

For the first 5 months of 1947, dur- 
ing which the iron coagulant used was 
principally ferrie chloride, the average 
dosage was 0.91 per cent FeCl, and 
2.53 per cent CaO. For the last 7 
months of the year, when ferric sul- 
fate was used, the average dosage was 
1.52 per cent ferric sulfate, expressed 
in terms of ferrie chloride for the pur- 
poses of comparison, and 4.45 per cent 
of CaO. The average dosage for the 
entire year was 1.28 per cent iron as 
FeCl, and 3.69 per cent lime as CaO. 

Ever since the regular use of ferric 
sulfate was begun in June, special en- 
deavor was made to improve the hand- 
ling, feeding, dissolving, and mixing 
of this new chemical in order that it 
might more closely approach ferric 
chloride in effectiveness and economy. 
That these efforts were beginning to 
show results in indicated by the rec- 
ords for the last 2 months of the year, 
when the dosage of ferric sulfate, ex- 
pressed as ferric chloride, dropped to 
an average of 1.02 per cent and the 
lime dosage dropped to an average of 
2.96 per cent. On October 30 a change 
had been made in the point of addition 
of the ferric sulfate to the sludge which 
evidently greatly improved the mixing 
end final filterabilitv of the sludge. 
Since that date the ferrie sulfate solu- 
tion has been added to the sludge in 
the discharge hopper of the bucket ele- 
vator, rather than in the conditioning 
tank as formerly done with both ferric 
sulfate and ferric chloride. 

Tn addition to the regular iron and 
lime coagulants, an 11-day trial-run 
was made in October using a third 
chemical with the trade name ‘‘ECCO 
Suspension Catalyzer’’ which had been 
tried in Michigan with some apparent 
success. The data from this short trial 
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run indicated that the use of this third 
chemical might permit some reduction 
in ferric sulfate dosage, with possibly 
a small saving in over-all filtration 
costs. It was planned to conduct a 
more extended trial of this chemical 
in 1948, 
Filter Cloth Life 

The average life of filter cloths dur- 
ing 1947 was 413 hours, which com- 
pares with 501 in 1946, 339 in 1945, 
474 hours in 1944, 461 hours in 1948, 
493 hours in 1942, 355 hours in 1941, 
326 hours in 1940 and 170 hours in 
1939. The somewhat shorter average 
cloth life in 1947 may have been due 
to the higher chemical dosage required 
for conditioning the sludge. Also, the 
use of ferric sulfate appeared to pro- 
duce a wetter filter cake and to require 
more frequent washing of the filters 
and more frequent acid baths. How- 
ever, by the close of the year the sue- 
cessful endeavors to reduce the chemi- 
cal requirements apparently also re- 
sulted in somewhat increased cloth life, 
the average life for the last two months 
of the year being 472 hours. 


Acid Cleaning of Filter Drums 


Further improvement was made in 
the procedure for acid cleaning of the 
filter drums, particularly for the divi- 
sion strips and interior pipe lines, by 
revolving the drum in a bath of in- 
hibited hydrochlorie acid. The new 
innovation consisted of merely revers- 
ing the direction of rotation of the 
drum by switching the wires on the 
drive motor, thereby causing the drum 
to act like a waterwheel to lift some 
of the acid out of the filter pan and 
allow it to drain back through the 
division strips and interior piping to 
clean out the carbonate seale. The fil- 
trate line as it leaves the filter was 
tapped for a hose connection to drain 
the acid back into the filter pan, thus 
establishing a continuous circulation 
of acid and eliminating the use of an 
acid pump which formerly had been 


336 SEWAGE WORKS JOURNAL 


March, 1949 


necessary in cleaning the 650 ft. of 
l-in. piping per filter. 


Filter Washing 


Various frequencies of filter wash- 
ing were tried out in the range be- 
tween the former practice of washing 
the filters at least once every + hours 
and continuous washing. By the close 
of the year it had been tentatively con- 
cluded that continuous washing does 
not appear to be economical, at least 
not at wash water pressures of 60 to 
75 lb. per sq. in. The controlling fae- 
tor seemed to be the excessive wear on 
the filter cloths from the water sprays 
at the above pressures, and surpris- 
ingly enough the cloths seemed to 
‘*blind-out’’? sooner under continuous 
washing than they do under inter- 
mittent washing. The continuously- 
washed cloths had to be changed after 
85 to 290 hours of service. 

After trying various washing fre- 
quencies, the following practice has 
been in effect since November, as rep- 
resenting the most economical proced- 
ure based upon the data available to 
date. The filters are washed at least 
once each hour, for at least one revo- 
lution of the drum (about 5 minutes), 
and may be washed oftener under diffi- 
eult filtering conditions at the disere- 
tion of the operator. Thus the maxi- 
mum interval between filter washings 
has been progressively decreased from 
24 hours or longer, when the plant 
started operation in 1938, to continuous 
washing with plant effluent at 30 to 50 
Ib. per sq. in. in 1945, and now up to 
one hour as the practice at the close 


of 1947. 


Incinerators 

During the vear 1947 a total of 
119.848 tons of filter cake containing 
37,778 tons of dry solids was inciner- 
ated. This required 363,635 kw.-hr. of 
electricity for power, amounting to 9.6 
kw.-hr. per dry ton, and 22,516 gal. 
of fuel oil, amounting to 0.6 gal. per 
dry ton. The fuel oil was used mainly 
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for starting the incinerators and taking 
them out of service as well as for hold- 
ing temperatures during short periods 
when incineration was not required. 
A total of 13,599 tons of dry ash was 
produced, averaging 38.1 tons per day. 
The average tonnage of dry cake solids 
handled by each incinerator daily for 
the year was 37.7 tons. The average 
tonnage of combustible solids per day 
was 24.1 tons per incinerator, or 1.0 ton 
per hour. 

During 1947, reversing switches were 
installed on the conveyor belt drives 
(main incinerator belts) to permit re- 
versing the belts when filter cake plug- 
ups occur, to facilitate rapid relief of 
this condition and promote more uni- 
form incinerator temperatures. 


Miscellaneous 

The practice of conducting planned 
shutdown of the treatment plant dur- 
ing period of high water in the spring 
and fall to insure dependability of op- 
eration during the eritical summer and 
winter months was continued. In ad- 
dition to the inspection of all the equip- 
ment at the plant, such shutdowns are 
necessary to inspect that intercepting 
sewers and control stations which are 
inaecessible except during such times. 
Use of Sludge for Fertilizer 

During 1947 none of the fresh sludge 
cake production was issued to farmers 
for fertilizer purposes, the State De- 
partment of Health having declined to 
approve the continuance of this prac- 
tice which had been earried on for a 
number of years on an experimental 
basis during the fall and winter months 
only. However, small users are still 
permitted to obtain some of the aged 
cake which has been stock-piled for 2 
vears or more before use. 


Sludge Meter Tests 


The quantity of raw sludge pumped 
was formerly caleulated from the meas- 
urements obtained from sludge Ven- 
turi meters, but tests conducted during 
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the latter part of December, 1946, and 
the early part of January, 1947, indi- 
cated these sludge meters recorded high 
results. When tests were performed 
with air, sewage, and sludge, the fol- 
lowing was observed to occur: 


1. High readings were obtained with 
air which indicated that the sludge 
meters recorded the air volume passed 
through and consequently would also 
record any gas contained in the sludge 
as a false sludge volume. 

2. A correct volume of sewage was 
found to be delivered by the pumps 
when the height in the receiving tank 
was checked against the meters. 

3. When sludge was pumped a high 
reading was recorded as compared with 
the actual volume in the receiving tank. 


The sludge Venturi meter readings 
were discontinued due to the results 
of these tests and the raw sludge quan- 
tities ealeulated on a volumetric basis 
from meter readings which indicate 
the height of sludge in the concentra- 
tion tank. 


Investigation of Dilution Waters Used 
for B.O.D. Test 


In this study it was desired to ob- 
tain comparative B.O.D. results upon 
a number of sewage and river samples 
using the former standard sodium bi- 
carbonate water and buffered mineral- 
ized phosphate (Standard Methods 
Committee Formula C) water. Several 
comparative studies were made as fol- 
lows : 


(a) Biearbonate water vs. Seeded 
Formula C water. 

(b) Bicarbonate water vs. 
Seeded Formula C water. 

(ce) Seeded Formula C water vs. 


Non-Seeded Formula C water. 


Non- 


Certain periods of this investigation 
were varied by studying the results ob- 
tained by using Formula C water sup- 
plemented with ammonium sulfate 
(now recommended in Standard Meth- 
ods, 9th Edition) compared with bi- 
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carbonate water, and Formula C water 
without the addition of nitrogen. 

The results obtained in the various 
comparisons made during this investi- 
vation showed that in B.O.D. determi- 
nations of sewage samples from this 
plant, the average B.O.D. values of 
both raw sewage and effluents were the 
same whether using biearbonate water 
or the mineralized phosphate water 
(with and without supplemental nitro- 
ven). Seeding of the dilution water 
showed very little effect on the final 
results. 

However, results obtained in com- 
paring river water samples showed the 


Item Average 
Rainfall (in. ‘ 26.60 
Estimated tributary population 900,000 
Equivalent population (0.17 Ib 


B.O.D./capita 1,230,000 


Sewage flow (m.g.d. 125.6 
Screenings (cu. ft. per m.g 0.S 


Grit removed: 


Amount (cu. ft. per m.g 3.6 

Volatile solids 10.1 
Dissolved oxygen (p.p.m.): 

Settled efluent...... 3.85 
Settling tank detention (hours 0.9 


Suspended solids (p.p.m.): 


{aw 315 

Settled SH 

Per cent removed 72.5 
B.O.D. (p.p.m.): 

{aw 200 

Settled. 120 

Per cent removed 10) 


taw sludge: 


6.0 

Total solids (% 8.03 

Volatile solids (°% 68.9 
Thickened sludge: 

pH 2.9) 

Total alkalinity (p.p.m. 1,150 

Total solids (% 

Volatile solids (‘ 67.4 
Filter cake: 

Total solids 31.5 

Volatile solids (©; 64.0 
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TABLE I.—Summary of Operating Data for 1947 at Minneapolis 


* Ferric chloride used January through May. 
Percentages of ferric sulfate calculated to ferric chloride. 
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mineralized phosphate water without 
supplemental nitrogen and seed gave 
5- and 10-day values in closer agree- 
ment with bicarbonate dilution water 
and undiluted river water than with 
the nitrogen-supplemented mineralized 
phosphate water. The latter water 
tended to vield excessively high 10- 
day values in the majority of river 
samples studied. 

On the basis of the foregoing stud- 
ies this laboratory is now using the 
mineralized phosphate water, without 
supplemental nitrogen, in B.O.D. de- 
terminations, but further comparative 
studies are contemplated for different 


St. Paul, Minn. 


Item Average 
Production (wet tons per day). 336.4 
Production (dry tons per day) 106.0 

Conditioning chemicals: 
Per cent CaO (lb. per 100 Ib 
dry sludge solids) _ 3.69 
Per cent FeCl,* (lb. per 100 lb. 
dry sludge solids cea 1.28 
Sludge filter rate: 
Lb. per sq. ft. per hour (wet 
cake : 10.4 
Lb. per sq. ft. of filter aren used 
(wet cake 0.9] 
Incineration: 
Average daily tons 67.7 
Moisture evaporated per ton of 
combustibles tons 3.4 
Ash (dry tons average daily) 38.1 
Power (kw.-hr. per ton dry 
solids 
Fuel Oil (gal. per ton dry 
solids)... 0.60 
Filter cake disposal: 
Fertilizer (dry tons, total 75.3 
Incinerated (ave. dry tons 
daily). . 105.8 


Operation and maintenance costs: 


Total 129,285.67 


Per m.g. treated (8 9.56 
Sludge disposal (cost per dry 
ton) ($ 4.74 


total 65.9 


( 


Salaries and wages 
Materials and supplies 


total 19.9 
Power and light (©) total 5.9 
Miscellaneous total)... .. 8.3 


Ferric sulfate used June through December. 
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periods of sewage and river flow con- 
ditions. 


Increased Costs 


Increased payroll salaries. account 
for 58 per cent of the total increased 
cost. Increased cost of materials and 
supplies account for 27.5 per cent of 
the total increased cost. An increase 
in miscellaneous expenditures (which 
includes pension, insurance, city water, 
travel, telephone and telegraph, ete.) 
accounts for 10.6 per cent of the total 
increased cost, while a 3.9 per cent 
increase in power cost accounts for 
the balance of the total increase. Op- 
eration costs increased 25 per cent for 
the year 1947 as compared with 1946, 
while maintenance costs increased 10 
per cent. From these and other figures 
it is evident that the principal factors 
in the increased cost were: (1) higher 
payroll salaries, (2) higher prices for 
materials and supplies, (3) inereased 
maintenance work as the plant grows 
older, and (4) increased quantity of 
sewage and sludge treated. In 1947 
there was a 9.1 per cent increase’ in 
both the sewage volume treated 


and 


The Detroit sewage treatment plant 
serves not only the City of Detroit, but 
also 21 communities outside the city 
boundaries. The total population 
served by the Detroit plant is esti- 
mated at 2,400,000. 


Pumping Station 


Routine pump-downs of the inter- 
ceptors have kept them fairly free of 
large accumulations of grit and other 
debris, thus aiding in prevention of 
overloading the collecting equipment 
during storm periods. 

The practice of maintaining higher 


* For last previous extract see THs Jorr- 
NAL, 20, 1, 125 (Jan. 1948). 
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the sludge solids removed, as compared 
with 1946. 

While salaries and wages for both 
operation and maintenance have in- 
creased considerably, their relation- 
ship in terms of percentage of the 
total cost has remained relatively uni- 
form. In other words, salaries have 
not inereased out of proportion to other 
costs. 


Mississippi River Bottom Studies 


To summarize the river bottom stud- 
ies, it appears in general that the bot- 
tom deposits have become consider- 
ably stabilized throughout the entire 
river stretch covered by this survey. 
The old deposits yet remaining are 
being gradually digested and_ silted 
over so that the oxygen demand ex- 
erted by them is substantially reduced 
compared to previous vears. Towever, 
the deposits still have an appreciable 
potential oxygen demand which may 
be exerted on the overlying waters and 
thus affect the maintenance of desirable 
oxygen conditions during summers of 
high river water temperatures. 

Table I is a summary of the 1947 
operating data. 


intercepter levels has resulted in fur- 
ther decreasing power costs during the 
year from 113 kw.-hr. to 112 kw.-hr. 
per million gallons pumped. 


Rack and Grit Building 


The second vear’s trial of returning 
ground sereenings to the sewage flow 
has been only partially successful, due 
to the gathering of the ground-up rags 
in bundles large enough to be caught 
in the bar racks the second time. A 
change in the discharge piping from 
the grinder has been laid out to pre- 
vent this accumulation. 8.4 tons of 
screenings were sent direct to the in- 
cinerators without being ground. 
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The influent sampling lines has now 
been relocated to deliver a continuous 
sample of the incoming sewage to the 
laboratory at all times. 


Sedimentation Tanks 


This year the main collector chains 
on one tank have been turned over 
due to the wear on one side after 7 
years of service. It is expected that at 
least 3 years of additional service will 
be obtained from these chains, with a 
possible maximum of 5 years before 
new chains will have to be installed. 
Since each of the eight tanks contain 
over a mile of such chain, this saving 
becomes a sizable item. 

The handling of sticks in 
skimmings continues to be a difficult 
problem for the small grease pumps. 
To overcome this trouble a larger size 
Seru-peller pump has been installed in 
place of the or‘ginal one. For the last 
§ months this larger pump has ground 
up 99 per cent of the sticks that have 
entered it. This evidence is conclusive 
enough to warrant complete replace- 
ment of the smaller pumps as soon 
as the new equipment ean be pur- 
chased. 


grease 


Digester 


The supernatant liquor is no longer 
drawn off to the Filter Building to be 
mixed with the raw sludge there, but 
is now drained directly to the four 
west sedimentation tanks. It is ex- 
pected that lower filtering costs should 
result from this change. Due to the 
high rate of digestion there is no well- 
defined supernatant. The minimum 
solids content approaches a thin sludge 


Sludqe Filtration 


The sludge filtering processes have 
undergone several refinements which 
have made operations simpler and re- 
sults more accurate, with attendant 
savings in costs. These changes are: 
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(1) automatic batch dilution of ferric 
chloride are used; (2) substitution of 
liquid earbide lime for dry pebble lime; 
(3) eloser proportioning of lime to 
sludge by connected feeders. 

The use of diluted ferrie chloride 
permits finer adjustments or dosage 
changes and a wider dispersion of this 
coagulating material in the sludge. 
This and other factors have resulted 
in the lowest ferric dosage percentage 
sinee the plant started. 

The difficulty of obtaining high e¢al- 
cium pebble lime in sufficient quanti- 
ties and at the proper time intervals 
has made it necessary to switch over 
to the use of carbide lime. This ear- 
bide lime is a liquid waste product 
from the manufacture of acetylene gas. 
It is hauled in by tank truek from a 
nearby gas generating plant at a 
worthwhile saving. Two pebble lime 
bins have been altered to receive and 
store this material until used. Two 
replaced grease pumps are being used 
to pump the carbide lime from the 
tank truek to the elevated bins. 

The use of the liquid carbide lime 
has’ made it possible to proportion the 
lime to the amount of sludge much 
eloser than could be done heretofore. 
A feeding valve is connected to the 
sludge elevator drive and thus feeds 
a definite amount of lime for each revo- 
lution of the bueket elevator shaft. 

The gradual switch-over to carbide 
lime began in November. It was not 
until April that this lime was used for 
all filtration for a full month. The 
dosage was high at first, but gradually 
decreased as the kinks in the feeding 
Sinee Mareh 
no pebble lime has been used, although 
two full bins are kept on hand for 
stand-by use. 

The use of muriatie acid for cleaning 
filters has continned. The circulation 
of acid has been improved by using a 
spare ferric chloride pump as a_ port- 
able unit. This is connected to the 
valve head of the filter being treated. 

Filter drain lines and the filtrate 


devices were removed, 
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line to the intercepter were cleared of 
a very heavy lime scale by means of 
air-driven rotary cleaners. 


Incinerators 


The preheater units of No. 4 and No. 
5 incinerators have been dismantled. 
The motors and fans from these units 
have been sold and the heat exchangers 
are offered for sale. 


Gas Engine 


The gas engine, operated on sludge 
gas, has run a total of 6,559 hours for 
the year. During that time 1,144,700 
kw.-hr. have been generated for plant 
use, an increase of 511,000 kw.-hr. over 
the previous year. This is 6.1 per cent 
of the total amount of electrical energy 
required. 


Chlorination 


The average chlorine demand of the 
sewage dropped from 7.77 to 6.67 
p.p.m., and the total amount used was 
587,745 lb. less than the previous year, 
although the total sewage pumped has 
increased. Alteration and additions 
to the chlorinators and meters have 
been completed. 


Laboratory 


Twenty-four-hour, seven-day-per- 
week control of chlorine application 
has continued to be the prime function 
of the laboratory during the past year. 
A rather extensive river bacteriologi- 
cal sampling program was carried on 
during the summer of 1946. Nearly 
2,500 samples from the Detroit and 
Rouge Rivers were collected and ex- 
amined during the past year. 

The effect of heating of sludge prior 
to conditioning was also investigated, 
and work was started to determine ef- 
fect on sedimentation of returning 
sludge prior to sewage settling. About 
twenty separate reagents were investi- 
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gated for possible use for free chlo- 
rine indication in the chlorine demand 
test. This is the primary laboratory 
problem at the moment, and research 
on this problem will be continued. 


Experiments 


The filtering of heated sludge was 
given a 43-day trial during May and 
June. Live steam was introduced into 
the sludge sump prior to conditioning. 
Various increases of temperature were 
tried within the limits of the evapor- 
ator to provide make-up water for the 
boiler. Slight differences in dosage 
percentages were noted—sometimes be- 
low and sometimes above those of the 
control filters, but never great enough 
to compensate for the use of steam. 
Uniform production of a good filter 
cake resulted to a greater extent from 
heated than from unheated sludge. 

A second feeding hole was provided 
on No. 2 incinerator and some teeth 
changes made to give better distribu- 
tion of the wet sludge cake and to re- 
tain it longer on the upper hearths. 
The second feeding hole did not give 
as good cake distribution on the top 
hearth as the teeth changes did. A 
group of reverse teeth on a lower 
hearth had to be changed back to the 
original pattern to prevent the con- 
tinual moving back and forth of the 
same material and the consequent pil- 
ing up with little or no lateral move- 
ment. 


Miscellaneous 


Through the War Assets Administra- 
tion it has been possible to purehase 
machine tools at greatly reduced 
prices. These machines included a 16- 
in. lathe, surface grinder, milling ma- 
chine, 400-amp. welder, drill press, 
punch press, arbor press, straightening 
press and hoists. These machines will 
be used to set up a suitable machine 
shop at the sewage plant. Delays and 
the expense of sending out the work 
to various city machine shops can thus 
be avoided. 
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Item 


Rainfall, total (in.) 


Sewage temperature, av. (°F.).. 
Estimated connected population 


Sewage pumped (m.g.d. 
Solids removed: 
Grit (tons): 
Wet... 
Dry.. 
Volatile 
Wet sluiced 
Tank scum (tons): 
Wet 
Dry 
Volatile 
Suspended solids (tons): 
Dry.. 
Volatile 
Total solids (tons): 
Dry 
Volatile 
Analytical data: 
Suspended solids (p.p.m 
Influent 
Per cent reduction 
B.O.D. (p.p.m.): 
Influent 
Effluent 
Per cent reduction 
Grit (per cent solids 
Grit (per cent volatile 
Raw sludge to digester: 
Pet cent total solids 
Per cent volatile solids 
Sludge digestion: 
Gal. added (1,000 
Dry solids added tons 


Loading rate, lb. per cu. ft. per 


month 

Gal. withdrawn (1,000): 
To filters 
To tanks 


Dry solids withdrawn (tons 
Gas } roduced: 


1,000 cu. ft 


Cu. ft per lb. vol. sol. added. 


1 Suspended solids corrected for included grit. 


flow. 


SEWAGE WORKS JOURNAL March, 1949 


TABLE II.—Summary of 1947 Operation Data at Detroit, Mich. 


Average 
29.68 
62 


2,400,000 


346.0 


19,392 
9,879 
3,643 

$329 


1,471 
1,023 
943 


56,946! 


te 


28,743 
7.042 
10,277 


131,818 
7.73 


Item Average 


Cu. ft. per lb. vol. sol. con- 
sumed... 20.58 
Supernatant: 
Per cent solids 6.8 
Per cent volatile 51.1 
Sludge filtered: 
Mixed sludge to filters: 


Per cent solids 8.6 

Per cent volatile 59.7 

Thousand gal... . 142,068 

Tons dry solids 52,271 
CaO used (% 7.31 
FeCl; used (©7).. 2.04 
Filter yield (lb. per sq. ft. filter 

area per hr. 5.9 


Sludge cake: 


Total solids (°7) 31.2 
Volatile solids (% 56.0 
Incineration: 
Wet (tons). . 206,396 
Dry (tons)... 68,194 
Volatile (tons 36,811 
Wet feed rate per incinerator 
tons per hr. 7.9 
Fuel oil per wet ton burned 
gal. 0.175 
Electric power (100 kw.-hr.): 
Purchased . 175,760 
Generated 11,447 
Total used 187,207 
Main pumps 141,298 
Auxiliary power 15,909 
Kw. per m.g. (pumping only 112 


Chlorination: 
Chlorine demand (p.p.m 6.7 


Chlorine applied: 


tons 2,342 
p.p.m. 4.4 
Per cent demand satisfied 66.6 
Coliform indices (M.P.N. > ° 
1,000): 
Influent 1.084 
Effluent . 1,013 
Per cent removed 79.68 


Accident frequency rate (dis- 
abling injuries, per million man 


hours) 17.57 
Accident severity rate (days lost 
per 1,000 man-hrs.).......... 0.222 


Rakings ground and returned to raw sewage 


= 
|| 
‘ 
é 
ig 
i 
38,325 
67,854 
12,912 
207! 
95 
5 o SS 
‘ 
60 
19.8 
36.9 
9:1 
35,068 
13.894 
a 
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Sewage treated by the San Diego 
sewage treatment plant during the 
fiscal year 1947-48 amounted to 8,543 
m.g. for an average of 23.342 m.g. per 
day. 

This flow represents an increase of 
approximately 12 per cent above the 
previous year and in turn reveals an 
overload of 64 per cent above the de- 
signed capacity of the present plant. 
Fertilizer 

The handling of fertilizer from the 
hopper of the storage room is being 
done more efficiently than in the past. 
Sacked fertilizer is now conveyed from 
the sacking room floor directly to stor- 
age by a series of conveyors. Gravity 
rollers were purchased and legs fabri- 
cated at the plant. These rollers have 
eliminated the hazard of back injuries 
and have reduced the cost of this op- 
eration. 


Safety and Training 

Personnel training and safety and 
sanitary measures have been carried 
on throughout the year with regular 
monthly safety meetings being held 
at the plant. As in the past, many ex- 
cellent suggestions made by the oper- 
ating and maintenance staff at these 
meetings have been put into effect. 

To the period ending June 30, 1948 
the employees have worked a total of 
1,075 calendar days without a disabling 
accident. The plant received the City 
Manager’s Safety Award for the third 
successive year. 

‘*Tn-service training’’ has been ear- 
ried on as in the past. 

Where practical, each employee is 
coached and trained to assume duties 
one step up in the organization and is 
given an opportunity to act in such ea- 
pacity as occasions may warrant. Em- 
ployees are furnished with material for 


* For last previous extract see THIS Jour- 
NAL, 20, 1, 123 (Jan. 1948). 
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reading and study and all are en- 
couraged to follow definite courses of 
study. 


Laboratory 


An extensive city-wide field investi- 
gation is being conducted for the pur- 
pose of controlling the corrosion and 
deterioration of pumping stations, 
sewer lines, and septic tanks. 

Investigations of all complaints con- 
cerning odor originating in the sewer 
system has proven a valuable source 
of information in eliminating obnox- 
ious conditions at various points 
throughout the city. 

The control of industrial waste en- 
tering the sewer system has been con- 
tinued during the year with good re- 
sults. Following investigation and ree- 
ommendation, the largest slaughter and 
packing house in San Diego has in- 
stalled a small pretreatment plant 
which treats that waste satisfactorily. 
Other analyses are being made to pro- 
tect the sewage treatment plant from 
loss of efficiency due to the entrance 
of toxic wastes into the sewer system. 


Screenings 


Screenings gathered from the manu- 
ally cleared bar screen have been 
ground daily in the Gruendler grinder 
and returned directly to the incoming 
raw sewage. This method of disposal 
has proven satisfactory. Since the in- 
stallation of the steel bottom grates in 
the grinder this machine has given no 
trouble. 


Sewage Pumping Stations 


In January, 1948 this division took 
over the operating and maintenance of 
all sewage pump stations. 

Since that time two stations have 
been rebuilt, air scrubbers, electrode 
control, and hour meters have been in- 
stalled. Suildings at three stations 
have been repainted. 


| 
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TABLE III.—Summary of Operation Data for 1947-48 at San Diego, Calif. 


Iten Average | Item Average o 


Sewage flow (m.g.d.) 23.34 Alkalinity elutriated sludge 


pH raw sewage..... 7.3 | 1,168 
Suspended solids: | Alkalinity wash water (p.p.m.). . 360 
Raw (p.p.m.) 360 | Sludge dewatering: 
Effluent _— 120 - Wet cake produced (tons per mo.) 373 
Removal (“% 66.8 27.7 
Raw sludge: | Cake yield (lb. per sq. ft. per 
Dry solids (“% 5.1 Ferric chloride (% of dry 
Volatile solids 80.4 | 5.76 
| Digested sludge: Total operating cost ($).......... 169,140.76 
Revenue from sale of fertilizer ($).. 18,117.60 
36 Net operating cost ($)........... 151,023.16 
' Volatile solids (© 61.4 Total operating cost per m.g. ($): 
| ello FOR ile so B 2 
; ' Reduction total solids (“% 49.2 Material and suppli 3.58 
q | lalerial and Supplies. ...... 
Volatile solids (© 61.0 Net operating cost per m.g. ($).... 12.23 


{ Plant Maintenanee Sulfide Control in Sewer Mains 

' In view of the pending plant en- Practically every main sewer line in 

\ largements, no improvements to the the San Diego area is being investi- 

| present plant were made during the vated for sulfides. The sulfide econcen- 

year the the tration has been materially reduced 

: tion of stainless steel lining in the 

and odor complaints have definitely 
fertilizer storage hopper and the in- 
q i been eliminated in various parts of the 


stallation of the gravity roller svstem 
for moving sacked fertilizer. It might ‘'tY: fhis program is to continue in 
be interesting to note that war surplus @" effort to control the corrosion and 
duro-aluminum has been found to be eterioration of the pumping stations 
very satisfactory material to use in and sewer lines. 

some places where steel or wood were Operating data for the year are sum- 
not practical. marized in Table ITI. 


SEWAGE QUANTITIES AND CHARACTERISTICS AT 
CRANSTON, R. I.* 
By Henry F. Munroe anp WaAuter H. Brown, Jr. 


Respectively, Chemical Engineer, Builders-Providence, Inc., Providence, R. I., 
and Superintendent of Sewage Treatment, Cranston, R. I. 


For some years, the Cranston, R. I. activated sludge plant, for which it was 

sewage treatment plant has encoun- designed. These difficulties began 

tered difficulties in operating as an when a considerable flow of brewery 
wastes was admitted to the sewer sys- 

England Sewage Works Association, New tem. 

port, R. I., September 10, 1948. As a step towards the solution of 
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this problem, a detailed study was 
made in February, 1947 of the sewage 
flow strength characteristics. 
This particular month was selected be- 
cause time was available for a com- 
plete B.O.D. survey, although person- 
nel and laboratory facilities were not 
adequate for a simultaneous and com- 
parable solids survey. 

A review of the monthly operating 
reports shows that the sewage flow in 
February, 1947 was average in quan- 
ity, but below average in B.O.D. Sum- 
mer B.O.D. averages are about 20 to 
25 per cent higher than those shown. 
Routine control tests for the month 
of study show that the total solids av- 
eraged 863 p.p.m., 55 to 60 per cent of 
which were dissolved. On Sundays the 
total solids averaged 300 p.p.m., about 
65 per cent being dissolved. 
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Metering Facilities 


The Cranston plant is modern in 
every respect, and is equipped with 
all necessary apparatus for scientific 
operation. The unusually complete 
metering facilities (1, 2, 3, 4) were of 
great value in this study. 

Figure 1 pictures the registers for 
the Venturi meters used for measur- 
ing raw and settled sewage; primary, 
return, activated, and excess activated 
sludge; and air. Also included are 
Flow Ratio Meter registers (Figure 
2) which give the rates and ratios of 
air and settled sewage, and of return 
activated sludge and settled sewage. 

The raw sludge meter installation 
has been described in detail by Rich- 
ardson (5). The totalizer-recorder is 
operated from the Venturi tube with 
air relay units, and the Venturi tube 


FIGURE 1.—Control desk and meter panel at Cranston, R. I., sewage treatment plant. 
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FIGURE 2.—Flow ratio meter register 
which indicates rates and ratios of air and 
settled sewage. 


is equipped with a continuous flush- 
check system (Figure 3). This consists 
of the injection of a small stream of 
clear water into each piezometer con- 
nection, which prevents sludge flow 
into the piping of the instrument. 
Over a test period of 3 months this 
installation has checked within 1.5 per 
cent of digester measurements. 

At the extreme right-hand panels in 
Figure 1 are mounted indicating instru- 
ments for temperature, hot 
water flow pressure, and digester gas 


digester 


pressure, as well as indieating-record- 
ing temperature gauges for sludge and 
hot water to and from the digester 
heating coils. 


Sewage Flow 


A breakdown of the daily total flow 
for February shows that the peak flow 
is on Friday, with Monday the next 
highest, then Tuesday, Thursday and 
Wednesday. Saturday’s total flow, as 
well as the B.O.D. content, shows it to 
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be a transition from the high trade 
waste content of the weekday to the 
purely domestic content of the Sunday 
sewage. 

Figure 4 shows a typical daily flow 
chart for the month of February, 1947. 
The flat-toothed characteristic of this 
chart is due to the pumping schedule 
the plant being fed by a main lift 
station with float-controlled variable 
speed pumps. It should be noted that 
the flow represented here is far below 
the design average flow. This is due 
to the faet that although the construe- 
tion of the system is 70 per cent com- 
plete, there are less than 40 per cent 
of the anticipated connections, with 
opproximately 27 per cent of the de- 
sign flow. 

The upper left-hand chart in Figure 
) gives the calculated hourly average 
flows for the month of February, 1947. 
These data were obtained by plani- 
metering all charts for the month of 
February; the hourly average was de- 
termined by planimetering that area 
between the hourly time lines and 
plotting the average result for each of 
the 24 hours. By this method four 
values have been included in the av- 
erage for each hour of each week day, 
or 28 separate values for each hourly 
average. 

It will be noted in this chart that 
the flow unit has been changed to 
‘*tens of thousands of gallons.’’ Sinee 
each plotted amount is for an hour in- 
terval, this result is comparable to a 
rate of flow of tens of thousands of 
callons per hour. 

Three averages have been plotted: 
(1) the 7-day average, as shown by 
the full line; (2) the 5-day average, as 
shown by the dotted line; and (3) the 
Sunday average, as shown by the 
broken line. It will be observed that 
there is not a great deviation between 
the Sunday average and the 7-day av- 
erage. The Sunday flow is 70 per cent 


of the Friday or maximum daily flow. 
Sperry (6) reports a Sunday flow 
deviating from 87 to 113 per cent of 
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average. These data show a Sunday 
average flow deviation of 60 to 138 
per cent of average. Sperry comments, 
‘*The sewage collected is generally do- 
mestic in character.’? Cranston Sun- 
day flow is also generally domestic in 
character. 

A comparison with Camp’s graph 
of hourly variations of sewage flow 
(7) gives a flatter curve with a more 
pronounced ‘‘dip’’ from 12 midnight 
to 8 a.m. Camp points out that this 


theoretical curve ‘‘will vary from day 
to day and will be different for dif- 
ferent services and different localities.’’ 
Camp’s curve shows a flow variation 
of 45 to 170 per cent of average, 
whereas the Cranston daily flow varies 
from 58 to 138 per cent of average. 


SEWAGE QUANTITIES AT CRANSTON, R. I. 


A comparison of the 7-day average 
curve with the average hourly varia- 
tion curve for an average of seven 
cities, as given in Babbitt’s ‘‘Sewer- 
age and Sewage Treatment,’’ shows 
close agreement. The Cranston 7-day 
curve is 10 per cent lower at the 8 
A.M. to 12 noon period, and 15 to 20 
per cent higher in the 2 to 10 p.m. pe- 
riod, 

It is interesting to note that this 
chart gives the hour of minimum flow 
as 6 to 7 A.M. Since there is a 2-hour 
lag in the Cranston system at this time, 
the actual hour of minimum flow would 
be 4 to 5 a.m. 

From the preceding charts it will 
be apparent that the introduction of 
the brewery waste into the Cranston 


FIGURE 3.—Continuous “Flush-Check” water injection system in service on primary 
sludge meter at Cranston, R. I. 
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FIGURE 4.—Typical daily flow chart, Cranston, R. I. 


system has had a leveling effect on 
flow variation. However, the fact that 
the average total flow is only 27 per 
cent of the design average increases 
the detention periods and interferes 
with the treatment processes, particu- 
larly when tests show that the raw sew- 
age has an immediate oxygen demand 
of 6 to 8 p.p.m. 


B.O.D. Studies 
As was previously stated, these data 
were obtained when personnel and 
equipment were available for B.O.D. 


determinations alone. One familiar 


with laboratory procedure can appreci- 
ate the size of this project in arranging 
for B.O.D. bottles, available incubator 
space, ete. All of these tests were run 
for the full 5 days at 20° C., using bi- 
carbonate dilution water, and were 
made in accordance with the proced- 
ures outlined in ‘‘Standard Methods.’’ 

The lower left-hand chart in Figure 
5 shows the B.O.D. curves for the 
month of February, 1947. Again, each 
plotted point is the average of at least 
four samples for each hour of each 
week day. Each sample was taken on 
the half-hour, or at least as near that 
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time as possible to avoid the cesspool 
pumpings sometimes included in the 
flow and also to avoid sampling during 
“*no-flow’’ periods. 

The average 5-day B.O.D. varies be- 
tween 150 and 1,550 p.p.m. The Sun- 
day B.O.D. (domestic sewage) varies 
between 90 and 350 p.p.m. The first 
mentioned varies widely from Sperry’s 
reported extremes of 40 and 440 p.p.m. 
This extremely high B.O.D. is due to 
the local brewery waste, which was ad- 
mitted to the system without the ap- 
proval of the engineer. Routine tests 


have shown that approximately 60 per 
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cent of this B.O.D. is due to dissolved 
material. 

The 7-day average B.O.D. varies 
from 26 to 217 per cent of its mean 
value of 578 p.p.m.; the 5-day average 
B.0.D. varies from 23 to 219 per cent 
of the mean value of 693 p.p.m.; and 
the Sunday B.O.D. varies from 31 to 
188 per cent of the mean value of 225 
p.p.m. Weekly extremes are 90 and 
2,200 p.p.m. 


B.O.D. Loading 


The lower right-hand chart in Fig- 
ure 5 represents the product of flow 


FIGURE 5.—Charts showing calculated hourly average raw sewage flows (upper left), 
B.O.D.’s (lower left), and B.O.D. loading (lower right) for February 1948 at Cranston, 
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and B.O.D., or the B.O.D. loading in 
pounds. These results have been 
plotted in units of 100 lb. B.O.D. The 
difference between the day and night 
loading is here illustrated and accentu- 
ated. The Sunday loading curve and 
the 5-day loading curve show the ex- 
tremes to which the plant is subjected. 

Numerically, there is a change from 
16.6 to 233 per cent of the 7-day aver- 
age of 327 lb. per hour; a 5-day aver- 
age variation of 14.7 to 252 per cent 
of the average 415 |b. per hour; and 
a Sunday range from 17.5 to 211 per 
cent of the average 116 Ib. per hour. 
During an average 7-day period, the 
above represents an extreme change in 
loading from 54 to 763 Ib. per hour, or 
1 to 14. The data used in plotting the 
three charts of Figure 5 are given in 
Table T. 


Discussion 


It is apparent from the above, that 
in order to operate as an activated 
sludge plant some means must be ap- 
plied to relieve the plant of these ex- 


. ‘*Up to the Minute Cranston, R. I. Sewage 
Disposal Plant and Sewerage System.’’ 
Public Works, May, 1943, p. 20. 

2. Horne, Ralph W., ‘‘A Complete Sewage 
Treatment Works at Cranston, Rhode 
Island.’’ Sewage Works Engineering, 
June, 1943, p. 290. 

3. Horne, Ralph W., ‘Compact Sewage Treat- 
ment Works Units at Cranston, Rhode 
Island.’’ = Civil 13, 9 
(1943). 

. Horne, Ralph W., ‘‘Cranston, Rhode Island 
Builds Complete New Sewerage Works 
for 53,000 People.’’ Journal of the 


Engineering, 
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tremely wide variations in B.O.D. and 
solids loading. Fales (8) lists a num- 
ber of objectionable characteristies of 
trade wastes which require that they 
be pretreated or eliminated entirely 
from the sewer system. The Cranston 
brewery waste has three of the six ob- 
jectionable 


characteristics to which 


Fales makes reference, namely ; ‘‘ wastes 


excessively high in suspended solids or 
subject to precipitation of excessive 
amounts of solids; wastes containing 
coarse or heavy solids: wastes exces- 
sively high in dissolved and colloidal 
matter.”’ 

Pretreatment of the brewery wastes 
is now under investigation. It is in- 
teresting to note that the brewery man- 
agement, who had previously been 
apathetic about the problem, became 
quite concerned when informed of the 
cost to them if pretreatment was not 
provided. 
now being 


Special consideration — is 
viven to the recovery and 
subsequent utilization of the veast and 


erain. 
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Sludge for Shoulders 

An interesting item on sewage sludge 
disposal was brought out during the 
Operator’s Roundtable Discussion at 
the North Carolina Sewage Works 
Assn. meeting last November. 

The State Highway Department is 
very anxious to obtain as much dried 
sludge as the North Carolina plants 
ean furnish because of the excellent re- 
sults obtained from the use of sludge 
on road shoulders. Sewage sludge has 
assisted materially in the development 
of thick, sturdy stands of grasses on 
these areas, which are usually devoid 
of top soil and on which the use of 
commercial fertilizers cannot be justi- 
fied. 

This outlet for sewage sludge offers 
great possibilities since state and 
county highway maintenance crews are 
located in nearly every town having a 
sewage disposal works. Furthermore, 
maintenance trucks of necessity make 
many trips over their territories with- 
out payloads, and on many of these 
trips could be hauled 
spread without extra cost. 

Local conditions may call for differ- 
ent selling methods, but the idea has 
great possibilities for operators willing 
to use a little imagination and persis- 
tence. 


sludge and 


Filter Flies and DDT 


More than one sewage works oper- 
ator ean testify that effective control 
of filter flies with DDT involves more 
than mixing up a batch of the concen- 


trate and throwing it in the dosing 
tank. Two recent reports of sewage 
works operators who tried the use of 
DDT clearly indicate that every plant 
constitutes a different problem and 
experimenting may be 
necessary to determine the most effec- 
tive dosage rate and method of appli- 
cation. 

At the Rochester. N. Y. Sewer Dis- 


considerable 


trict No. 2 plant, George H. Bush 
found it necessary to try several meth- 
ods of DDT application to the filters. 
The method finally adopted was to cut 
off the flow to the dosing tanks just 
after the siphon operation § started. 
When the dosing tank was nearly 
empty the DDT solution was poured 
directly into the distributor arm and 
the arm allowed to make one complete 
revolution. The filter was then rested 
for 6 hours. Good results were ob- 
tained in controlling the filter flies 
even though the dosage rate of 1 Ib. 
per acre-ft. of filter media was con- 
siderably below the rate used by Lt. 
Brothers in his experimental work at 
Camp Fannin, Texas (see Tris Jour- 
NAL, 18, 2, 181 (March 1946) ). 

William MeMullin, superintendent 
of sewage treatment at Collinsville, 
Iil., also experimented considerably be- 
fore finding a suecessful DDT dosage 
rate and application method for the 
Collinsville filters. Best results were 
obtained by applying the 30 per cent 
DDT emulsion to the dosing tank, and 
resting the filter immediately follow- 
ing the application. Effective control 
was obtained with a dosage rate of 
3.5 lb. DDT per acre foot. Each treat- 
ment appeared to control the flies for 
about 38 weeks. 

MeMullin is of the opinion that the 
controlling factor in determining the 
optimum dosage rate is the volume of 
the filter media rather than the rate 
or volume of sewage flow. The Corner 
welcomes other operators’ comments 
eoncerning methods of DDT applica- 
tion and optimum dosage rates for fil- 
ter fly control. 


Opportunity for Operators 
Every sewage works operator has an 
opportunity to achieve national recog- 
nition in his field by entering the eom- 
petition for the Hatfield Awards, the 
Federation’s awards for excellence in 


xy 

é 

4 

3 

4 


Vol. 21, No. 2 


the preparation of annual operation 
reports. 

Competition for most awards of 
necessity is drawn from a rather lim- 
ited group. Not every plant has op- 
erating characteristics which a plant 
superintendent may use to develop a 
significant contribution to the opera- 
tion art, and thus become eligible for 
the Gascoigne Award. Likewise, re- 
search opportunities are not universally 
available. Other Federation awards 
can be won only by men of exceptional 
experience and outstanding ability. 
characteristies which require vears for 
development and recognition. But the 
Hatfield Awards may be won by any 
wastes treatment operator, municipal 
or industrial, who sets himself to the 
task of producing an attractive and 
complete annual plant operation. re- 
port. 

Plant size has been eliminated as a 
factor in the competition by the estab- 
lishment of three Hatfield Awards, 
each of equal value. An award will 
vo to the operator in each of the three 
following groups who submits the best 
annual report on plant operation: 
Plants serving less than 10,000 popu- 
lation or population equivalent, plants 
serving 10,000 to 100,000, and plants 
serving more than 100,000. Notice 
that phrase ‘‘ population or population 
equivalent.’’ It makes industrial waste 
treatment plant operators equally eli- 
cible with sewage plant operators for 
the awards. 

To enter an annual report for a 
Hatfield Award requires only the sub- 
mission of five copies of the report to 
the Federation Secretary before June 
Ist. Reports must be printed, mimeo- 
graphed, or typewritten and must cover 
a 12-month operation period beginning 
with some month within the 24 months 
immediately preceding July Ist of the 
year the award is granted. Thus, for 
the 1949 awards, allowing 1 month to 
prepare and submit the report, an eli- 
gible report could cover any 12-month 
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period between July 1, 1947 and May 
1, 1949. 

All reports submitted will be ex- 
amined and graded by the Operation 
Reports Committee of the Federation. 
The items on which reports will be 
rated and scored are: 


Maximum 
Percentage 
Item Points 
1. If report is printed or duplicated by 


2. General format of report—appear- ™ 
ance, attractiveness, binding, use of 
illustrations such as c! arts or photo- 

3. Contents or text of report, covering 
the following items: 


a. Introduction giving purpose and 
some historical background of 

b. Description of treatment works. 10 

c. Pertinent data concerning de- 
sign and actual loadings of plant 10 

d. First cost and operation cost 


e. Plant performance data based 
upon analytical and other re- 
f. Evaluation of operating data... 5 
g. Effects of effluent on receiving 
h. Statement of operating prob- 
lems... .. 5 
i. Statement re: research, training 
activities or public relation 
j. Maintenance program........ 5 
k. Conclusions or recommenda- 
Total. . 100 


Each Committee member will rate 
each report and the average score will 
be used for the report. In each popu- 
lation group the report having the 
highest average rating will be adjudged 
the winning report. 

Enter your 1948 Annual Report in 
the Hatfield Award competition as 
soon as you complete it. Take ad- 
vantage of the unusual opportunity 
the Federation provides for achieving 
national recognition in your chosen 
work. 


F 
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Combating Corrosion 


An improved type of corrosion in- 
hibator zine rod has recently been de- 
veloped which is fitted with standard 
pipe-plug ends. The new rods are 
easily screwed into heat exchangers, hot 
water tanks, boiler jackets, piping, and 
other hydraulic equipment to protect 
against corrosion. They are available 
in diameters of °¢ to 1 in., with lengths 
up to 12 inches. 

Termed COR-INS (Figure 1), these 
improved rods extend the protection 
of galvanizing but can be renewed 
readily merely by unscrewing the used- 
up zine rod and screwing in a new 
one. Equipment may thus be pro 
tected indefinitely. 


FIGURE 1.—Corrosion inhibitor zinc rod. 


The zine rod used in COR-INS has 
a higher electro-chemical potential than 
the metals to be protected from cor- 
rosion. Thus oxygen or other corrosive 
agents consume the zine in preference 
to the electro-chemically active 
metals of which pipes, tanks, ete. are 
usually made. 

Many metals used as substitutes for 


less 
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zine are more reactive than zine but 
generally these must depend upon film 
formation to slow down their violent 
reactivity with water. The zine rod 
used in COR-INS is tested for its ideal 
reactivity ratio in water to insure that 
it will become more active when cor- 
rosive influences are severe while re- 
maining more passive when such con- 
ditions are mild. 

Many sewage plants will find ready 
use for this type of corrosion eontrol 
for digester heating coils, boilers, heat 
exchangers, and gas engine cooling 
systems if these rods prove to be all 
that is claimed for them. 


Death in Iowa 


For the third time in 13 months, 
tragedy has visited an Iowa sewage 
treatment plant. 

October 16, 1947—Robert J. Lamp- 
hear, Carter Lake sewage works oper- 
ator, died as the result of a fall into 
the treatment plant raw sewage wet 
well. He was overcome by gas while 
descending a ladder to repair the sew- 
age pumps. A helper narrowly es- 
caped death when he attempted to 
rescue Lamphear. 

October 18, 1948—Hans C. Hansen, 
operator of the Clarion sewage treat- 
ment plant, was severely burned in an 
explosion and fire in the service build- 
ing. Hansen suffered third degree 
burns over an estimated 40 per cent 
of the skin area of his body. The fire 
was caused by the explosion of gaso 
line with which Mr. Hansen was clean- 
ing jars inside the service building. 
The flash-back undoubtedly resulted 
from the open flame at the digester 
heating boiler. At the last report, Mr. 
Hansen was still alive, but a nurse’s 
aid at the hospital related ‘‘that the 
poor man lies there praying and hop- 
ing that the good Lord will take him.”’ 

November 18, 1948—David Klick- 
ner, employee of the Ft. Dodge sewage 
treatment plant, was found dead in a 


waste gas meter pit. The coroner re- 
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ported that death was due to gas 
poisoning. Klickner, who apparently 
had been checking a valve in the pit, 
had been dead about 3 hours when 
found. 

Dead men have indeed died in vain 
if live men will not profit from their 
mistakes! 


Illinois Sewage Works Operators 
Honored 

Three Tllinois sewage works opera- 
tors won deserving honors when C. W. 
Klassen, Technical Secretary, Tilinois 
Sanitary Water Board, presented the 
Memorial Award Trophies at the 1948 
meeting of the Illinois Sewage Works 
Operators’ Conference. 

Walter A. Sperry, superintendent, 
Aurora (Tll.) Sanitary Distriet. was 
awarded the Fred S. Simms Trophy for 
the best monthly operation reports. 
The Everett E. Smith Award for out- 
standing plant operation went to Lafe 
Dixon, superintendent, Arthur (TIL) 
sewage treatment works. For the best 
job of plant maintenance during the 
vear, Reinhold Spiess, superintendent, 
Litchfield (Tll.) sewage treatment 
plant, received the Harry E. Wilson 
Trophy. 

These memorial award trophies are 
of burnished bronze and stand about 
30 in. high. They memorialize the 
lives of three men who were outstand- 
ing sewage works operators in Tllinois. 
The trophies will be awarded annually, 
with the winning operators retaining 
possession of the trophies for the fol- 
lowing year. Selections are made on 
the basis of what an operator accom- 
plishes with the facilities available. 
That the larger plant operators will 
have no monopoly in winning these 
trophies is indicated by the size of the 
towns of the 1948 winners—48,000, 
1,400, and 7,100 persons, respectively. 

Outstanding sewage works operators 
deserve recognition—particularly by 
their fellow operators. 


An Easy Way to Do a Hard Job 


Every operator knows from experi- 
ence the time and effort required in 
fastening pipe hangers, switch boxes, 
and similar equipment to conerete or 
metal supports. It nearly always in- 
volves star drilling, inserting toggle or 
anehor bolts, and other time-consum- 
ing efforts. 

A recently developed remedy for this 
problem is an amazing powder-actu- 
ated driver (Figure 2) that will ‘‘pin’’ 
a pipe hanger or similar fastner to a 
conerete ceiling or wall, steel I-beam 
or column, in a few seconds. It will 
also fasten wood, such as joists or 
nailing strips, to conerete or metal. 


FIGURE 2.—Powder-actuated hand tool 
for fastening studs to concrete or steel. 


This small, portable tool, manufae- 
tured by a leading maker of safety ap- 
pliances, embeds studs in steel or ma- 
sonary by the discharge of a blank 
cartridge. Once embedded, the studs 
have tremendous holding power, up to 
several thousand pounds. 

Two diameters of studs—%@ in. and 
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1 in.—may be used by interchanging 
the barrels of the tool. There are sev- 
eral varieties of studs available, with 
externally or internally threaded or 
plain-headed types. 

Operation of this 5-lb. tool is simple. 
The stud, with the cartridge attached 
to it, is inserted in the barrel. The 
spring-loaded safety arm is rotated 180 
degrees to move the firing pin into 
position. Holding the barrel against 
the material to be penetrated, the tool 
is pushed forward sharply to discharge 
the stud. 

The manufacturer asserts that every 
precaution to minimize hazards is 
‘*built-in’’ the tool. Possibility of ae- 
cidental discharge is negligible, and if 
the tool is dropped accidentally the 
safety arm instantly moves the firing 
pin out of position. It is virtually im- 
possible for the stud to richochet be- 
cause the stud remains fastened to the 
cartridge with a piston-like attachment 
until the instant of penetration. There 
is no recoil or flash. The tool can be 
operated with one hand. 

In the interests of safety, plant sup- 
erintendents are eautioned to resist 
any urge to use this tool on slow-mov- 
ing emplovees—or municipal officials! 


Light for the Darkness! 

Paul Krebs, engineer of Polelaze & 
Basenberg, threw considerable light on 
a normally dark subject during his dis- 
eussion on ‘*Construetion, Inspection, 
and Maintenance of Sanitary Sewers’’ 
at the 1948 meeting of the Alabama 
Water and Sewage Works Association. 
The following are his excellent sueges- 
tions on the ‘“‘lamping’’ of sewers. as 
reported in the Official Bulletin of the 
Alabama Association : 


“The flashlight is a feeble 
source of light for lamping a sewer. <A 
strong beam is necessary to earry through 


ordinary 


a section between manholes. Mirrors are 
very satisfactory, except when the inspec- 
tion happens to fall on a cloudy day. The 


best picture of the section being inspected 
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ean be secured by looking into the light 
held at the next manhole. An effect simi- 
lar to looking down a rifle barrel is obtained 
if the sewer is in good alignment and on a 
uniform grade. If the whole of the diam- 
eter is not visible, the beam can be di- 
rected ahead, picking out and counting 
each joint so that when the offender is 
reached an approximate location for dig- 
ging may be given. 

“To get into position for lamping the 
larger sewers is no great problem, but the 
only way that the writer has found to look 
through the smaller pipes is as follows: 
Kneel on the manhole benches, straddling 
the invert and facing in the opposite di- 
rection from the section to be inspected. 
Then lower the head to the invert of the 
sewer and look through the legs back into 
the pipe. The method is not recommended 
for lamping sewers already in service.” 


Mr. Krebs concluded his talk with 
the following remarks, which we wish 
could be framed and hung on the wall 
of every sewage works operator’s 
office! 


“When one has solved a tough problem 
and feels like commending himself for 
doing so, he might stop and consider— 
without detracting from his aceomplish- 
ment—the fact that there are many sewer- 
age systems; that these systems have been 
in operation many years; that problems 
similar to his must surely have arisen; and 
that some other good sewage works man 
solved the problem, possibly in exactly the 
same manner that he did. Unfortunately, 
few people were interested in how the thing 
was done, but rather in how soon it was 
done. <As a result, the first sewage works 
man never compiled a record of his prob- 
lems and solutions; and those thereafter 
did not have the benefit of this experience.” 

Why not take advantage of The 
Corner as a place for reeording the 
solutions of your sewage works prob- 
lems, and thus make available to other 
operators the results of your labors? 


What Is It? 


No, Figure 3 isn’t a printer’s mis- 


take! It’s a sludge-eve view of a new 
nylon filter cloth recently introduced 
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for rotary vacuum or pressure filters. 

Reportedly resistant to acids, alka- 
lies, and bacterial action, as well as 
abrasion and mechanical abuse, the 
new cloth may contribute considerably 
to inereased efficiency and reduced 


maintenance of vacuum sludge filters. 


If these new nylon filter cloths do 
not develop a tendency for the thread 
to split into individual strands which 
obstruct the openings between the 
threads, as several types of plastic 
cloths have done, they may prove to be 
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a significant improvement to the sludge 
filtration process. 

First, nylon brushes for fine screens; 
now nylon filter cloths. Some day a 
sewage works operator may as casually 
refer to ‘‘my nylons’’ as his wife does 
now! 


Temptation! 


With all the usual cares and woes 
of a sewage treatment works on his 
shoulders, Earnest Massey, sewage 
works operator of Hartford City, Ind., 
has what must almost be the last straw 
—glass-covered sludge drying beds lo- 
‘ated directly below a railroad em- 
bankment! If there is the usual quota 
of boys in Hartford City worthy of the 
name, Massey by now must be quite 
proficient with the putty knife. 

Wonder what the sludge drying cost 
runs in panes of glass per cubie yard 
of sludge? 


in your advance order now. 
about the middle of April. 


325 Illinois Building 


Place Your Advance Order Now 


GLOSSARY—WATER AND SEWAGE CONTROL 
ENGINEERING 


The Glossary, prepared by a joint committee representing FSWA, 
ASCE, AWWA and APIA, contains more than 2,600 terms pertaining 
to hydrologic, hydraulic, water and sewage works engineering. 


Price :—$1.00 (paper cover) to Federation members. 
bound copies will be available to Federation members at $2.00 each. 
Send advance orders, with check or money order, to the Federation .of 
Sewage Works Associations, 325 Illinois Bldg., Champaign, Illinois. 


Only a limited edition is planned. To avoid disappointment send 
Distribution of the Glossary is anticipated 
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Editorial 


THE FIRST STEP IN WATER-BORNE RADIATION 
CONTROL 


In their paper presented at the 1948 
Annual Meeting of the Federation 
Tus JoURNAL; January, 1949; page 
63), Arthur E. Gorman and Abel Wol- 
man have given an excellent outline of 
the new responsibilities confronting 
the sanitary engineering profession as 
a result of nuclear fission operations. 
This paper, with the discussion by L. 
R. Setter, is worthy of more than eas- 
ual reading. 

The Atomie Energy Commission is 
frank in its admission that problems 
exist in connection with the disposal 
of radioactive wastes. In a move to 
acquaint sanitary engineers with the 
nature of these problems, the Commis- 
sion held a seminar on ‘‘Disposal of 
Radioactive Wastes’? in Washington, 
D. C., on Jannary 24-25, to which 30 
sewage works, water works and public 
health engineers were invited. The 
seminar was opened by AEC Chair- 
man David E. Lilienthal, whose re- 
marks are repeated here as evidence 
of the Commission’s attitude toward 
its responsibilities : 


“The Atomie Energy Commission is the 
proprietor, as trustee for the people of the 
United States, and the operator of a very 
large industry, a new industry, and one 
that is unique. It is one of the very largest 
integrated industries in the world and it is 
certainly the newest. In the course of the 
operation of this industry for the produe- 
tion of materials that will sustain the chain 
reactions—plutonium and uranium 235— 
some very important waste materials arise. 
They are new in kind but they are not 
unique in the sense that every new indus 
try and all existing industries have prob 
lems of a comparable or analogous char 
acter. 

“Some have been 


industrial wastes 


handled well at the outset but in many in- 
dustries the problems associated with 
waste disposal have not been handled well 
at the outset. It is our earnest desire and 
our responsibility to seek to have this 
phase of our operations well handled—as 
well as technical skill and energy and fore- 
sight at this stage ean handle it. 

“For my part, I think the viewpoint with 
which problems of this kind, and others 
even more diffieult, need to be diseussed 
with the American people is this: We have 
to learn to live with radiation. 

“This has become a kind of ‘fourth R’ 
We know something about 
great 
with it. 
who are 


and 
people have actually lived 
There are men in the X-rav field 
entirely familiar with radiation, 
who work and live with it every day. But 
now, the magnitude of this problem of liv- 
ing with radiation has changed in such an 
order that it is almost a different kind of 
problem. Whereas people are familiar 
with an X-ray machine or 5 grams of 
radium and have learned how to handle 
them, within the pile at Oak Ridge there 
are radioactive substances the equivalent 
not of the total radium supply of the 
United States—which is in the order of 30 
ounces—but of tons of radium. 


radiation 
many 


“The waste disposal problem is a part 
of this general business of learning how to 
live with radiation. The wav we have 
learned to live with things before was to 
learn as much as we could about them; to 
keep our shirts on; not to get overly emo 
tional or hysterical; not to escape from 
things by emotional outbursts. .. . 

“Radiation is just as mueh a natural 
phenomenon as anything else. The fact 
that we have multiplied it by intelligence 
does not change that fact. I am = sure 
there will be a good deal of shock, at first, 
as we get used to these facts. But I am 
sure also that just as we were able by our 
intelligence to conquer other 
will conquer this as well. I 


things, we 
am confident 
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that by the application of such profes- 
sional talents as you represent here and 
various other experts—the medical officers, 
the sanitary engineers, the water works 
engineers, the biologists, and so on—some- 
thing very solid and sensible will develop.” 


3v its sponsorship of the waste dis- 
‘posal seminar, the Atomie Energy 
Commission has shown its willingness 
to establish a closer relationship than 
in the past with publie health and 
safety authorities on mutual problems 
arising from the atomie energy pro- 
gram. Security limitations, of course, 
will limit the intimacy of such relation- 
ship. The Federation has joined with 
other national sanitary engineering 
organizations in offering their facili- 
ties for the dissemination of all infor- 
mation and data that can be released 
to the professional field. There is also 
a possibility that a special Sanitary 
Engineering Advisory Committee may 
be created to cooperate with the AEC, 
which move has much to commend it. 

It was obvious to those who attended 
the AEC seminar that technologists 
engaged in water quality control must 
now add a fundamental knowledge of 
nuclear physics to their present back- 
ground in engineering, chemistry and 
biology. Radioactive substances ecan- 
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not be detected or measured by meth- 
ods now employed in cases of chemi- 
cal or bacterial pollution, and the 
public health aspects of high energy 
‘adiation are likewise greatly differ- 
ent from those of present-day signifi- 
cance. We must prepare ourselves to 
use and interpret new instruments, 
parameters, techniques, units and 
tolerances, all deriving from a _ rela- 
tively new science. This elementary 
foundation must be laid before we can 
attempt any intelligent approach 
toward the treatment, disposal or con- 
trol of waters containing radioactive 
substances. 

The burden of self-education is upon 
all of us as individuals. The refer- 
ences listed with the Gorman-Wolman 
paper and Setter discussion, as cited 
above, are particularly recommended 
as a beginning. Any good library 
will contain additional material for 
advanced study. special bibliog- 
raphy on radioactive wastes is now 
being compiled by the AEC, and is 
expected to be made available soon. 

Acute problems of water-borne radi- 
ation may be with us sooner than we 
may anticipate. It is by no means 
too early for us to prepare for them. 
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CENTRAL STATES SEWAGE WORKS ASSOCIATION 


Twenty-First Annual Convention 


Milwaukee, Wisconsin, June 18-19, 1948 


The Central States Sewage Works 
Association held its 21st Annual Con- 
vention at the Schroeder Hotel, Mil- 
waukee, Wis. on June 18 and 19, 1948. 
A total of 211 members registered. 
The first session, with President IT. G. 
Rogers presiding, opened with an ad- 
dress of weleome by Mayor Frank 
Zeidler of Milwaukee. In his comments 
Mayor Zeidler pointed out that sewage 
treatment plant operators and engi- 
neers must be more than technical ex- 
perts and that they must become more 


vocal in order to get their municipali- 
ties to spend more money on sewage 
disposal and other needed 


improve- 
He stressed the fact that too 
much money is being spent these days 
on non-essentials, requiring that essen- 
tial improvements be postponed indefi- 
nitely. 

The first technical paper on the pro- 
gram, presented by Walter M. Kunsch, 
was entitled ‘‘Sludge Digestion Experi- 
ence with External Heat Exchanger.”’ 
The next paper, ‘Chemical Condition- 
ine of Undigested Sewage Sludge,’’ 
was presented by Professor H. O. Hal- 
vorson., 


ments. 


The afternoon technical program in- 
cluded papers on ‘‘Developments in 
Sewage Chlorination’’ by Fred B. 
Strandskov, Henry C. Marks, and Don 
H. Horchler; and ‘‘Packing House 
Waste Treatment by the Activated 
Sludge Process,’’ by C. A. Stravinski, 
W. L. Lea, and G. A. Rohlich. The 
remainder of the afternoon was de- 
voted to a panel discussion on milk 
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waste with T. fF. Wisniewski, presiding. 
The leaders were Don E. 
Bloodgood, Frank J. MeKee, A. J. Stef- 
fen, and R. W. Heider. 

The program for the annual banquet 
ineluded a talk by George S. Russell, 
President of the Federation of Sewage 
Works Associations, and presentation 
of Federation Awards to Central States 
members. The principal speaker was 
Dr. Hf. B. Hass of the Chemistry De- 
partment of Purdue University, who 
spoke on the subject ‘ What’s New in 
Chemistry.”’ 


diseuss‘on 


The Saturday morning program was 
devoted to the Operator’s Breakfast 
forum. 
nual 


This was followed by the an- 
business Following 
committee reports, officers were elected 


for the year 1948-49. 


luncheon. 


President: Carl B. Carpenter, Ham 
mond, Ind. 

First Vice-President: 
Peoria, Ill. 

Second Vice-President: 
Kenosha, Wis. 

Third Vice-President: M. I. 
Minneapolis-St. Paul, Minn. 

Paul W. 


L. S. Kraus, 


H. T. Rudgal, 
Robins, 


Secretary-Treasurer: Reed, 
Indianapolis, Ind. 
FSWA Director: George W. 


Green Bay, Wis. 


Martin, 


The meeting was coneluded by an 
inspection trip to the Milwaukee sew- 
age treatment works. 

PavuL REeEp, 
Secretary-Treasurer 
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The Second Annual Meeting of the 
Virginia Industrial Wastes and Sewage 
Works Assn. was held October 7-8, 
1948 at Alexandria’s Hotel George 
Mason. The meeting opened at 11:00 
a.M. Thursday, President Reid W. 
Digges presiding. After a few words 
of weleome from the Honorable W. T. 
Wilkins, Mayor of Alexandria, and a 
short business session, the group ad- 
journed for a get-acquainted luncheon. 

First paper to be presented at the 
Thursday afternoon technical session 
was ‘‘Sewage Treatment for Hous- 
ing Developments, Institutions, and 
Camps,’’ by R. W. Simpson, Sanitary 
Engineer, Gilbert Associates, Ince., 
Reading, Pa. Mr. Simpson discussed 
design criteria for various types of 
‘‘nint-size’’ sewage treatment plants 
and presented practical information on 
their operation and maintenance. 

A diseussion of Mr. Simpson’s paper, 
prepared by Harry Shaw, Chief Engi- 
neer, Washington Suburban Sanitary 
Commission, was read by R. G. Me- 
Leod, Assistant Chief Engineer. He 
presented further design, operation, 
and maintenance information, as well 
as data on the applicability of certain 
types of plants to specific treatment 
requirements. 

Of timely interest to municipal and 
stream pollution control officials was a 
paper by Capt. W. C. Hiltabidle, as- 
sistant chief of the Navy’s Bureau of 
Yards and Docks, on ‘‘Separating 
Storm and Sanitary Sewage at Navy 
Bases.’’ 

‘*Planning for Sewage Treatment in 
the Northern Virginia Metropolitan 
Area,’’ a paper by Edwin R. Cotton, 
engineer-secretary of the Interstate 
Commission on the Potomae River 
Basin, reviewed the general pollution 
problem existing in the basin and out- 
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lined steps being taken by the North- 
ern Virginia Planning Commission’s 
Committee on Sewage Disposal toward 
making a comprehensive study to de- 
termine the sewage treatment scheme 
or schemes which would best serve the 
several jurisdictions concerned. In the 
discussions following this paper, James 
J. Corbalis, sanitary engineer for Fair- 
fax County, gave additional informa- 
tion on this area’s pollution problems 
and plans for sewage treatment. 

Illustrated with slides of equipment 
now in use and with operating data on 
actual installations, ‘‘Sewage Sludge 
Gas Engines,’’ by Jack Goldthorpe of 
Worthington Pump and Machinery 
Corporation, Washington, proved to be 
an informative paper. Stressing par- 
ticularly economies of sewage treat- 
ment plant operation which sludge gas 
engines are capable of effecting, the 
paper was appropriate in these times 
of high construction costs, when many 
sewage treatment plants are being 
planned but few are actually being 
built. 

Frank E. DeMartini, of the United 
States Publie Health Service, led a 
short discussion on the provisions and 
administration of the Federal stream 
pollution bill passed by the 80th Con- 
gress. R.S. Hummel, district engineer 
at Richmond, and George C. Rothrock, 
assistant engineer for construction at 
Washington, both of the Federal Works 
Agency’s Bureau of Community Facil- 
ities, discussed briefly the procedure to 
be followed by municipalities in apply- 
ing for sewage works planning and 
construction funds authorized by the 
law, when and if such funds are aectu- 
ally made available for disbursement. 

At the Annual Dinner Thursday 


night the principal speaker was the 
Clark, Chairman of 


Honorable John 


a 
? 
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the Maryland Resources Board and 
also Commissioner of Maryland Tide- 
water Fisheries. 

The Friday morning technical ses- 
sion was opened with a paper by Reid 
W. Digges, manager, Hampton Roads 
Sanitation District Commission, Nor- 
folk, on ‘‘Licking the Oil Pollution 
Problem in the Hampton Roads 
Area.’’ L. G. Rich, instructor in sani- 
tary engineering at Virginia Polytech- 
nie Institute, gave a paper entitled 
‘*Caution! Bugs at Work,’’ in which 
he traced the chemical and biological 
changes in a stretch of the James River 
below Big Island, Va., which receives 
semi-chemical pulping wastes. 

The last presentation on the tech- 
nical program was a talk by W. B. 
Hart, of the Atlantic Refining Com- 
pany, Philadelphia, on ‘‘Industry’s 
Current Attitude and Progress Toward 
Stream Pollution Abatement.’’ Citing 
numerous instances of work now under- 
way toward solving industrial pollu- 
tion problems, he stated industry was 
adopting the attitude that waste treat- 
ment is a necessary and inescapable 
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factor in consideration of plans for 
new plants or plant expansions in those 
states where regulatory agencies exist, 
but that a firm stand on the part of 
these agencies will be necessary before 
any wholesale abatement of existing 
industrial pollution may be expected. 

Inspection trips Friday afternoon 
were made to the District of Columbia’s 
Blue Plains sewage treatment plant, 
guided by Ralph E. Fuhrman, super- 
intendent, and to the Pentagon Build- 
ing sewage treatment plant, guided by 
William L. Torrey, Engineer in Charge, 
and Colonel Lester V. Johnson, for- 
merly building engineer of the Penta- 
gon Building. 

The following 
for 1949: 


officers were elected 


President: Bryant W. Strother, Rich- 
mond, Va, 

Vice-Pre sident: J. A. 
burg, Va. 

Secretary-Treasurer: A. TH. 
Richmond, Va. 


Rives. Blacks- 


Paessler, 


A. H. PAEsSLER, 
Secretary-Treasurer 


IOWA SEWAGE WORKS ASSOCIATION 


1948 Annual Meeting 
Des Moines, Iowa, September 14-15, 1948 


The 
[owa 
held at 


1948 Annual Meeting of the 
Sewage Works Association was 
the Hotel Kirkwood, Des 
Moines, Iowa on September 14-15, 
1948. Registration totaled 86 members 
and guests. The opening session was 
called to order by Chairman Lloyd 
Heller, following which Arthur Bray- 
ton, Convention Bureau, Des Moines, 
Iowa, gave the address of welcome. 


The first technical session opened 
Tuesday afternoon with a paper by Dr. 
Hugh L. Templeton, technical director, 


Omaha, 
Cannery 


Fairmont Foods 
Nebraska, on 


Company, 
**Treating 


Wastes.’° Other papers presented at 
this session were: 


‘*Treating Packing House Wastes,’ 
by R. W. Bates, Chemical Research 
and Development Department, Armour 
and Company, Chicago, Lllinois. 

“Operation and Research of Fil- 
ters,’’ by Willis L. Ogden, Yeomans 
Brothers, Chicago, Illinois. 

‘*Finaneing and Sewage 
Treatment Plants,’’ by The Honorable 
Cor Van de Steeg, Mayor, Orange City, 
Towa, and attorney at law. 


Sewers 


The well-attended annual banquet 


j 
: 
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featured entertainment by artists of 
radio station WHO. W. H. Wisely, 
executive secretary-editor, FSWA, as 
the main speaker of the evening dis- 
cussed the subject ‘‘Public Relations 
and the Sewage Works Operator.’’ 

The Wednesday morning technical 
session was opened by an Operators’ 
Breakfast, which was conducted under 
the chairmanship of Paul Bolton, as- 
sistant engineer, Iowa State Depart- 
ment of Health, Des Moines. Discus- 
sion leaders were: W. H. Wisely, 
executive secretary, FSWA; Paul 
Winfrey, superintendent, municipal 
sewage works, Des Moines, Iowa; Lloyd 
Heller, chief engineer, municipal sew- 
age works, Ft. Dodge, lowa; and Rus- 
sell Martin, chemist, municipal sewage 
treatment works, Marshalltown, Towa. 
Following the breakfast, R. E. Koon, 
associate, Stevens and Koon, consult- 
ing engineers, Portland, Oregon, pre- 
sented an excellent talk on ‘‘Thirty 
Years of Experience in the Develop- 
ment of Domestic and Industrial 
Wastes in the Pacifie Northwest.”’ 

The Wednesday morning technical 
session was concluded by a panel dis- 
cussion on the following topies: Tm- 
hoff Tanks; Separate Sludge Digestion ; 
and Activated Sludge. 

The Wednesday afternoon 
opened with panel discussions on 
‘“Overloaded Plants and Digesters.”’ 


session 


The 
Rocky Mountain Sewage Works <Asso- 
ciation was held at the Plains Hotel, 
Chevenne, Wyoming, on September 15, 


12th Annual Meeting of the 


1948. The 51 members and guests at- 
tending the conference enjoved what 
is believed to be the best annual meet- 
ine which the Association has held. 
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Leaders for this discussion were: C, T. 
Wilson, superintendent, municipal sew- 
age works, Waterloo, Iowa; Russell 
Peterson, superintendent, municipal 
sewage works, Esterville, Iowa; Ralph 
riley, chief operator, sewage treat- 
ment works, Ames, Iowa; and Walter 
Trockmorton, superintendent, muni- 
cipal sewage works, Stormlake, Iowa. 
Other papers presented in this session 
were: 


‘*Redesigning Overloaded and Out- 
of-Date Plants,’? by L. E. Miller, en- 
gineer, Leon L. Schoel and Associates, 
Spencer, Iowa. 

“Training Sewage Works Person- 
nel,’’ by Prof. W. E. Galligan, Sani- 
tary and Civil Engineering Depart- 
ment, Iowa State College. 

“Licensing Sewage Works Person- 
nel,” by L. F. Skorezeski, superin- 
tendent, treatment works, 
Marshalltown, Towa. 


sewage 


The following officers were elected 
for the Association at the business 
meeting : 


President: Lioyd Heller, Ft. Dodge 


Vice-President: Paul Bolton, Des 
Moines 
Secretary-Treasurer: Holtkamp, 


Webster City 
Leo Ho_TKamp, 
Secretary-Treasurer 


The following papers were presented 
at the technical sessions : 


“The Collection System and Its 
Maintenance,’? by Charles Davis, Den- 
ver. 

“The Grit Chamber.”? by L. C. Os- 
born, Denver, Colo. 
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“Settling by 
Coberly, Denver, Colo. 

““Trickling Filters,’’ by F. M. 
Veatch, Kansas City, Mo. 

**Sludge Digesters.’’ by B. V. Howe, 
Denver, Colo. 

**Laboratory Procedure,’’ by George 
Turre, Denver Water Company, Den 
ver, Colo, 

‘Revenue Bonds and Finaneing,”’ 
by L. O. Williams, Jr., Cheyenne, Wyo. 

“The Overall Picture,’’ by Lewis 
Dodson, Director, Sanitation Division, 
Denver County Health 
Denver, Colo, 


Department. 


At the annual business meeting eon- 


siderable discussion occurred 
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Carroll H. 
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ing the desirability of instituting an 
award certificate for excellence of plant 
operation. A committee was appointed 
to study this proposal. 

Association offieers elected for 1949 
Were 


President: Charles G. Caldwell, Santa 
Fe, N. M. 

Vice-President: Carl M. 
Grand Junction, Colo. 

FSWA_ Director: W. O 
Cheyenne, Wyo. 

Secretary-Treasurer: Carroll Cob- 
erly, Denver, Colo. 


Bennett, 


Williams, 


Carrouu IL. CoBerry, 


Necretary-Treasure) 


MICHIGAN SEWAGE WORKS ASSOCIATION 


23rd Annual Meeting 


Detroit, Michigan, October i8-21, 1948 


In eu of the usual annual technical 
conference, the Michigan Sewage 
Works served as host to 
the 1948 Federation Convention at De- 
troit A total of 137 


women residing 


Association 


and 27 
in Michigan attended 
e Federation convention. 

The only Michigan event held sep- 
arately from the Federation functions 
was the annual 


men 


t} 


and 
business meeting at the Prince Edward 
Hotel, Windsor, Ontario on the evening 
of October 19. 
tended by 112 members and euests. 
Following the President T 
Federation. offi 
Russell, Arthur Niles, 
and W. H. Wisely. who spoke briefly 


smoker-dinner 


This stag event was at 


dinner 
introduced 
( reorge Ss. 


J. Powers 


on Federation activities and compli 
mented the Michigan 
the excellent 
Arrangements 


Association for 
Loeal 


con- 


which the 
Committee had 
to the Detroit meeting. Dr 
Berry, Secretary-Treasurer of 


work 


tributed 
A. 
the Canadian Institute on Sewage and 
welcomed the 


Sanitation, group to 


Canadian soil and bespoke the har 
monious relationship and common ob 
jectives of the two Associations. 

The formal business session consisted 
of the election of officers and presenta- 
tion of committee reports. Reports 
were submitted by the following: D. 
M. Pierce, Seeretary-Treasurer of the 
Association; W. F. Shephard, the <As- 
sociation’s representative on the Fed- 
eration Board of Control; TL. F. 
Oeming, Chairman of the Membership 
Committee; J. E. Cooper, Chairman of 
the Edueation P. Wit 
cher, Chairman of the Resolutions Com 
mittee; and R.A. Chairman 
of the Nominations Committee. 

Officers elected for the 
were : 


Committee: 
(Greene, 


1949 


vear 


President: A. T. Kunze, Wyandotte 

Vice-President: Leonard Hillis, Caro 

Necretary-Treasurer: Donald M. Peirce, 
Lansing 

FSWA Director (1950-535 
ing, Lansing 


:L. F. Oem- 


2 =! 
: 
- 
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Following the election of officers, W. 
I’. Shepard was selected to receive the 
1949 Arthur Sherman Bedell Award 
in recognition of his vears of leader- 


The Canadian Institute on Sewage 
and Sanitation held its 15th Annual 
Meeting on November 1-3, 1948 at the 
Chateau Laurier in Ottawa. Registra- 
tion for the meeting totaled 314 mem- 
bers and guests. 

The technical sessions opened Mon- 
day morning with a paper by A. J. E. 
Smith, assistant supervisor, Ontario 
Region, Central Mortgage and Housing 
Corp.. Toronto, Ont., on **Planning 
and Coordination of Municipal Utili- 
ties and Housing Projects.’’ A guided 
discussion on ‘‘Problems in the Use of 
Combined Sewers’? concluded the 
morning session. 

At the annual Institute luncheon ad- 
dresses were given by Dr. G. M. Gel- 
dert, Acting Mayor, City of Ottawa, 
and George S. Russell, Past-President. 
FSWA. 

The afternoon technical session was 
opened by a paper on ‘* Garbage Grind 
ing in the Home,’’ presented by Mor- 
ris M. Cohn, Schenectady, N. W. 
F. M. Bryce, Ottawa, Ont... discussed 
the Ottawa sewerage system. The af- 
ternoon session was coneluded with 
euided discussions on ‘* Sewage Pump- 
ing Stations’? and ‘‘Operating Prob- 
lems in Sewage Treatment Plants.’’ 
The discussions were led by G. 
MeNeice, Orillia, Ont.. and W. M. 
Veitch, London, Ont., respectively. 

The second day sessions opened with 
a business meeting at which time the 
reports of the Secretary-Treasurer and 


various committees were reeeived. 


CANADIAN INSTITUTE ON SEWAGE AND SANITATION 


15th Annual Meeting 
Ottawa, Canada, November 1-3, 1948 
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ship and service to the Michigan As- 
sociation. 

Donatp M. Pierce, 
Secretary-Treasurer 


Following the election of officers, refuse 
collection practice was diseussed by 
N. MaeNicol, Forrest Hill, Ont., and 
Jean Asselin, Montreal, Que. A guided 
discussion on ‘‘Local Improvements 
and Other Methods of Financing Sew- 
age Works,”’ led by Chairman W. Stor- 
rie, Toronto, concluded the morning 
session. 

Tuesday afternoon was devoted to 
aim inspection and sight-seeing trip to 
places of interest in Ottawa and _ its 
environs. The annual banquet Tues- 
day evening featured the presentation 
of awards and certificates. 

The concluding technical session of 
the Institute consisted of a symposium 
on sludge disposal, during which L. F. 
Roberton, London, Ont., spoke on 
liquid sludge as a fertilizer; I. H. 
Nevitt, Toronto, Ont., spoke on sludge 
digestion; and E. H. Munroe, York 
Township, Ont., discussed sludge  de- 
watering. R. J. Desmarais, Windsor, 
Ont., was the Chairman of the guided 
discussion on miscellaneous sanitary 
problems which closed the last session 
of the Institute. 

The following officers were elected 
by the Institute for 1949: 


President: T. M.S. Kingston, Chatham, 
Ont. 

Vice-President: L. G. MeNeiee, Orillia. 
Ont. 

Necretary-Treasurer: A. FE. Berry, To- 
ronto, Ont. 

A. E. Berry, 
Necretary-Treasurer 
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NORTH CAROLINA SEWAGE WORKS ASSOCIATION 


20th Annual Conference 


Asheville, N. C., November 8-10, 1948 


The 20th Annual Meeting of the 
North Carolina Sewage Works Associ 
ation was held at the George Vander 
bilt Hotel, Asheville, N. C., on No- 
vember 8-10, 1948, in conjunction with 
the 28th Annual Conference of the 
North Carolina Section, AWWA. To- 
tal registration for the joint meeting 
was 240. 

The first three half-day sessions of 
the technical program were devoted to 
water works topies. The sewage works 
program, opening on Tuesday after- 
noon, November 9, featured a round 
table discussion that aroused spirited 
participation and interest. Prof. E. T. 
Chantlett served as leader of the for- 
um, and was assisted by a panel con- 
sisting of Messrs. Earle Wax, R. 8. 
Phillips, W. G. Brown and George 5S. 
Rawlins. <A broad variety of sewage 
works topics was covered with such 
suecess that the session was extended 
and hour past the scheduled adjourn 
ment time. 

Three papers made up the conclud- 
ing session on Wednesday morning, 
November 10; ‘Operating Details of 
Sewage Treatment Plants,”’ by W. II. 
Wisely ; ‘Use of the Activated Sludge 


Process in Small Plants,’ by L. 
Bunker; and ‘‘Relation of Industrial 
Plant Changes to River Conditions,’’ 
by F. V. Doutt. 

At the Annual Banquet on Novem- 
ber 9, it was announced that William 
McKinney Piatt, veteran consulting 
engineer, had been nominated by the 
association for the 1949 Arthur Sher- 
man Bedell Award of the Federation. 
The Ludlow Cup, awarded annually to 
the member of the association who se- 
cures the greatest number of new mem- 
bers. presented for the second 
year in suecession to E. L. Nance of 
Charlotte. 

Officers elected at the business ses 
sion were R. W. Luther of Elizabeth 
City. Chairman; FE. R. Tull of Rock 
ingham, Vice-Chairman; KF. C. Hub- 
bard of Raleigh, Sceretary-Treasurer ; 
and R. 8. Phillips of Charlotte, FSWA 
Director (1950-53) 


Was 


Plans were laid 
at this time to develop a sewage works 
short course for plant operators, to be 
supplemented later by an operators’ 
certification system. 
E. C. Hupparp 
Secretary-Treasurer 
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Association 
Virginia Industrial Wastes and 
Sewage Works Association 


Arizona Sewage and Water Works 
Association 


Montana Sewage Works Association 


Arkansas Water and Sewage 
Conference 


Kansas Sewage Works Association 


Maryland-Delaware Water and 
Sewerage Association 

Pacific Northwest Sewage Works 
Association 


California Sewage Works Association 
Michigan Sewage Works Association 


New England Sewage Works 
Association 

New York State Sewage Works 
Association (Spring Meeting) 


Central States Sewage Works 
Association 


Institute of Sewage Purification 
(Summer Conference) 


Ohio Sewage and Industrial Wastes 
Treatment Conference 


Pennsylvania Sewage Works 
Association 


Iowa Sewage Works Association 


Georgia Water and Sewage 
Association 


West Virginia Industrial Wastes and 
Sewage Works Association 

Canadian Institute on Sewage and 
Sanitation 


Federation of Sewage Works 
Associations 


New England Sewage Works 
Association 


MEMBER ASSOCIATION MEETINGS 


Place 


Natural Bridge Hotel, 


Natural Bridge, Va. 
Hassayampa Hotel, 
Prescott, Ariz. 


Johnson Hotel, 
Great Falls, Mont. 


Marion Hotel, 
Little Rock, Ark. 


Bizonite Hotel, 
Hutchinson, Kan. 


Hotel Alexander, 
Hagerstown, Md. 


Bellingham, Wash. 


Hotel Stockton, 
Stockton, Calif. 
Park Place Hotel, 
Traverse City, Mich. 


Bristol Country Club, 


Bristol, Conn. 


Time 


March 31-April 1, 1949 


April 1-3, 1949 
April 7, 1949 
April 11-13, 1949 
April 21-22, 1949 
April 28-29, 1949 
May 11, 1949 
May 19-21, 1949 
May 23-25, 1949 


May 25, 1949 


Governor Clinton Hotel, June 6-7, 1949 


Kingston, New York 
Hotel Sherman, 
Chicago, Ill. 


Harrogate, England 


Carter Hotel, 
Cleveland, Ohio 
Nittany Lion Inn, 
State College, Pa. 
Hotel Kirkwood, 
Des Moines, Ia. 
Georgia Institute of 
Technology, 
Atlanta, Ga. 
Ogleby Park, 
Wheeling, W. Va. 
McIntyre Arena, 


Schumacher, Ontario, 


Canada. 

Hotel Statler, 
Boston, Mass. 
Hotel Statler, 
Boston, Mass. 
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June 17-18, 1949 
June 20-24, 1949 
June 22-24, 1949 
Aug. 24-26, 1949 
Sept. 20-22, 1949 


Sept. 21-23, 1949 


Sept. 21-23, 1949 


Sept. 26-28, 1949 


Oct. 17-20, 1949 


Oct. 17-20, 1949 


, 
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Reviews and Abstracts“ 


A British Standard Specification for Media 
for Percolating Filters. By B. A. 
Sourneatre. The Surveyor, 107, 467 
468 (Sept. 10, 1948). 
The British Standards 

drawn up a standard specification for 

filtering media. Many tests were made 
on different classes of material. 

Coke, coal, clinker, gravel, crushed stone 
and slag have given good service in perco- 
lating filters. Opinion is varied on the 
suitability of the various materials for 
treating liquids of various compositions 
The size of medium to be selected is also 
subject to opinion. 

The specifications make no recommen- 
dations as to size or type of media; the 
properties dealt with uniformity of 
size, shape, freedom from dust or impuri- 
ties, and durability. 

Regarding size, in the new Specifications 
the “nominal maximum size” is used. A 
table has been prepared which shows the 
proportion by weight of the sample which 


Institution has 


are 


There 
are eight nominal sizes hetween !4 in. and 
215 in. 

Tests are specified which are 


must pass sieves of various sizes. 


intended to 
eliminate the use of material in the form 
of elongated pieces or flat These 
tests determine the “index of flakiness” 
and the “index of elongation.” Values 
have been established for various sizes of 


slabs. 


media which must not be exceeded. 

While it is recognized that it is important 
that dust be excluded from the medium to 
be placed in a filter, the high limit of 5 per 
This 
was used because of dust formed in transit 


cent is given in the specifications, 


some materials. 
substantial 


If dust Is present in 
the 
1 be placed by forking o1 


amount 


shoul should be 
r washed. 

il tvpes of tests to 
| Various 


CSE were 


sereened 0 
Seve determine 
materi 


abrasion, 


the sodium sulfate test. 


ration headquarters 


racting in THis Jour ublications of 


Only the sodium sulphate — test 
adopted as part of the specifications. 
T. L. Herrick 


Was 


Accepting Trade Effluents into Sewers. 
(Comments on a South African Scheme.) 
By Joun Hurtry. The Surveyor, 107, 
159-463 (Sept. 1948). 

This article comments at length on a 
paper recently presented by C. J. Dekema 
at Salisbury, Southern Rhodesia. The 
paper, “The Implications of Accepting 
Trades Waste in describes the 
procedure developed at Germiston, Trans- 
vaal. Part of the paper is devoted to a 
discussion of practice in other countries. 


Sewers,” 


The rapid increase in industrial activity 
in the Union of South Africa is indicated 
by the fact that 3,820 new companies were 
registered in 1946. 

As a general poliey it is recommended 
that the loeal authority require the manu- 
facturer to insure his wastes do not damage 
This might include 
control of temperature, rate of discharge, 
and pH There might well be 
added the requirement that the trades 


the sewerage system. 
value. 


waste do not contain coarse or heavy solids, 
or dangerous concentrations of substances 
which might inflammable 
lethal atmospheres in or near the sewers, 
It the local 
authority insist on the manufacturer pro- 
viding pretreatment to insure that 
wastes be “treatable” at the sewage 
works. Seeondly, it is recommended that 
the charge to the manufacturer be based on 
the load contributed. 
he 


produce or 


is also recommended that 


his 


This charge would 
a 3-part formula including, 
2) treatment 
3) sludge treatment costs. 


based on 


1) pumping costs, sewage 
costs, and 

The comment is made that it would be 
costly to apply the scheme to all plants. 
In the case of small discharge perhaps a 
“flat-rate” charge might be made. 


Herrick 


ls pechil reports, ete 
Ith dk 
Institu- 


Assns 


publie hes 
1 eduentional 
\\ 


TKS 


ae 
4 
4 
2 
- - 
Please send to Fo 
‘s which might be suitable for abst 
| partments tream pollution control agencies, 
} } > 
ons are particular desired Address such mater Federation 
25, | ! Bldg... Champaign, 
3868 
af 


Vol. 21, No. 2 


High Rate Trickling Filters. The 
veyor, 107, 511-512 (Oct. 1, 1948). 
This article is a summary of the dis- 

cussions at the annual summer conference 

of the Institute of Sewage Purification on 
the paper by S. A. Greeley, ‘‘Considera- 
tions and Procedures in the Design of High 

Rate Trickling Filters.” * The paper was 

introduced by John Hurley. 

It was noted in the discussions that 
modern high rate filtration was brought to 
the attention of the members in 1937 when 
Harry N. Jenks presented his paper ‘The 
Renaissance of the Pereolating Filter.” 
The question of patents appeared peculiar, 
since recirculation was started this 
country. The process was used a good 
many years ago on trade wastes, particu- 
larly gas liquors, but did not find favor in 
sewage treatment. 

It is generally conceded that recircula- 
tion increases the removal of B.O.D. from 
the applied sewage. Costs of treatment 
are increased and it must be determined 
whether or not the inerease is merited. 
The paper was helpful as regards this 
question, though American conditions are 
covered, 

In a study of the paper it should be 
remembered that American sewages are 
weak and that the removal accomplished 
would be regarded as a low degree of 
purification in this country. As is known, 
the first part of the treatment is easily 
accomplished. Additional purification be- 
comes more and more costly. ““T'wo proc- 
esses could only be compared when they 
were giving the same degree of purifica- 
tion.” 

It was pointed out that in addition to its 
use on gas liquors, recirculation was em- 
ployed in England in 1927 during large 
scale experiments on the treatment of beet 
sugar wastes, and in 1935 during tests on 
the treatment of milk wastes. 

There are quite a number of instances 
where recirculation has been used, among 
them the practice at Birmingham for about 
15 years of recireulating effluent in order to 
improve the efficiency of sewage treat- 
ment. The principle of recireulation did 
not appear patentable. 

Another member pointed out that bi- 
ological treatment might not be the most 
suitable method where the proportion of 
trade wastes was high. Before the war, at 


Sur- 


* Tuts JouRNAL, 20, 5, 789 (Sept. 1948). 
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Huddersford it was possible to obtain 
satisfactory results by double filtration at 
214 times the rate of single filtration. 
During the war this dropped to 114, and it 
is very low at the present time due to the 
high chemical trade waste content of the 
sewage. 

The opinion was expressed that most 
benefit from recirculation would be de- 
rived where the nitrification stage was 
reached. Interest was expressed as to the 
effect of severe winter conditions on the 
recirculation process. 

In view of the great difference in water 
consumption in England as compared to 
the U.S.A., it was pointed out that dilu- 
tions in excess of 6 to 1 might be necessary 
to obtain conditions comparable to those 
in America. T. L. Herrick 
High Rate Trickling Filters. The Sur- 

veyor, 107, 523-525 (Oct. 8, 1948). 

This article is a continuation of the dis- 
cussion of Mr. Greeley’s paper at a meeting 
of the Institute of Sewage Purification. 

One member, in a discussion of patents, 
stated that ‘‘there was a time when Amer- 
ican patents were looked upon with great 
respect in this country, because it was felt 
that a thorough search was made before 
patents were granted.” That is no longer 
true. In recent vears many “ridiculous” 
patents had been granted in America as 
well as in this country (England). 

It was recalled that in 1926 when the 
filters of the Reading sewage works were 
badly clogged, experts had advised pump- 
ing efHuent through them instead of river 
water from the Thames, as had been con- 
templated. 

At Johannesburg, South Africa, re- 
circulation has been practiced for a long 
time. Here too, filters have been operated 
at a rate of 2,000 gal. (Imp.) per eu. yd. 
per day, 4 times the Royal Commission 
Standard. 


It is not safe, however, to 
recommend 


these high rates under all 


Report to the Street and Sewer Depart- 
ment on Sewage Treatment for the City 
of Wilmington, Delaware. By Wuir- 
MAN, RequarpT AssociaTeEs.  Bal- 
timore, Md., September, 1948, 10S 
pp. mimeo. 


conditions. 
con on Herrick 


This report describes the sanitary situ- 
ation in Wilmington, the necessary steps 


: 
7 
= 5 
} 
3 
. 
= 


370 


to effect improvement, the estimated costs 
of construction and operation, methods of 
financing and estimating charges for the 
sanitary services. 

Wilmington has an area of about 16 sq. 
mi., and a present estimated population of 
120,000, and a prospective population of 
150,000 in a few years. One river and two 
ereeks flow into the Delaware River within 
its boundaries. 

Most of the built-up area is drained by 
combined sewers. A portion has separate 
systems. All the sewers (some 30 outlets) 
and drains empty into the watercourses 
except in the shell pot area, where a com- 
plete treatment plant (0.30 m.g.d.) was 
built in 1931. The problem is to remove 
the sewage and industrial flow from the 
watercourses and discharge the effluent 
into the Delaware River. All the sewage 
will be pumped to a single treatment plant, 
planned to remove grease and floating 
material and suspended solids; with diges- 
tion tanks (temporarily, lagoons : 

The interceptors, pumping stations, and 
discharge main are being planned for 100 
years ahead (sie) and will carry consider- 
able rain water. 


The present average flow of sewage and 


wastes is estimated at 29 m.g.d.; the ulti- 
mate future flow at 66 m.g.d. The present 
maximum day flow is estimated at 52 
m.v.d.; the future maximum at 128 m.g.d. 
The interceptors have a summation total 
a 4.37 per cent of the time. 
The interceptor! will carry all the sewage 
flow but about 2 pet cent. About 
third the total capacity ol the interceptor- 
pumping-outiall system (60 m.g.d.) is for 
future growth and extension of area. 
The sewage treatment plant will have an 
initial capacity of 40 m.g.d. of ordinary 
drv weather flow, although the plant units 


lainfall 


one- 


will pass 120 m.g.d. 

All the industries must be connected to 
the system, except for clear, uncontamin- 
ated cooling waters. 

cost of the interceptor- 
pumping-outfall system is $3,700,000, and 
the treatment works, $3,300,000, The 
maintenance eost, plus bond 
24 per cent 


Ol 
alt 
30-year bonds, 
‘< estimated at $410,000 per year. 
annual cost can be met by a sewer 
charge equal to about one-half of 
bills, plus similar charges on 


operatil 


ater 
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those using other water sources than the 
city system. 

The proposed treatment 
(1940) requirements of Incodel. 

The water supply of Wilmington is com- 
pletely metered, and averages around 17.1 
m.g.d. (domestic use only, 50 gal. per cap. 
p. d.). The principal industrial wastes are 
tannery, dairy and dairy products, textiles, 
and container board. Some copper and 
chromium wastes occur, but are not ex- 
pected to make trouble in digestion. As 
flow of about 13 m.g.d. comes from outside 
the city water system, peak daytime sew- 
age flows from 1.4 to 4.2 times the average 
daily water consumption were estimated. 

Infiltration was estimated at a yearly 
average of 1,000 gal. per acre per day, with 
a maximum of 2,000 gal. per acre per day 
in wet seasons. 

In general, the interceptors are planned 
for three times the dry weather flow 
(ultimate). 

The two small existing treatment plants 
will be abandoned. 

In the pumping station to handle flows 
from 10 to 160 m.g.d., five units are sug- 
vested, float-controlled, with two speeds, 
electrically driven. The force 
6,500 ft. long; 84 in. in diameter. 

The treatment plant comprises screens, 
grit removal, settling tanks, and sludge 
digesters. For the next 10 to 15 years, 
earth lagoons will be used for digesters. 

Elutriation of sludge is proposed to 
counteract shots of industrial wastes. 

Financing is suggested on a basis of 50 
per cent general obligation and 50 per cent 
revenue bonds. 


meets the 


main is 


LANGDON PEARSE 
The Inspection and Control of Trade 

Waste Effluent Discharge. By M. A. 

Kersuaw. Journal of the Institution 

of Sanitary Engineers, Vol. XLVI, Parts 

2 and 3, July, 1948, pp. 49-62. 

In the discussion, Townend describes 
the Mogden Works, which receives about 
one-eighth its total load from yeast fac- 
tories. A charge is made to industries. 
One brewery recovers 2 
matter daily. 
desirable. 

Lockett (at Mogden) found sterilization 
of a trade effluent desirable in hot weather. 
A plastic factory may present a phenol 
problem. 


tons of protein 
Flexibility in regulations is 


Synthetic detergents are also 
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troublesome in dissolving material from 
sewage sludge and may require pretreat- 
ment. 

Sciver points out the need of a special 
control where degreasing solvents are 
used, such as Ethylene trichloride, which 
is volatilized in sewers. Wastes from the 
manufacture of synthetic resin may cause 
deposits. Evans comments that gas liq- 
uor may require pretreatment to reduce 
loads on trickling filter. Williams doubts 
efficacy of attempts to control by cor- 
respondence. 

The author agrees that gas liquor in 
excess of 2 per cent may cause trouble. 

LANGDON PEARSE 


Variations in B.O.D. Velocity Constants 
of Sewage Dilutions. By C. C. Rucu- 
Horr, O. R. PLacak, JoHN F. KacCHMAR 
AND C. E. Catsert. Ind. Eng. Chem. 
40, 1290-1295 (July, 1948). 

The mean velocity constant usually 
associated with B.O.D. as k = 0.1 was 
found to be more nearly 0.15. 

An intensive study to determine the 
exact k values was made by determining 
the B.O.D. values daily for 10 days of 59 
sewages from domestic, military and 
hospital sources. The dilution water used 
was Theriault-Nichols, or formula C water, 
and the distilled water was stored for at 
least 5 days at room temperature and for 2 
additional days in a 20° C. incubator. 
The ammonium sulfate was not added 
until the day the water was used. 

In evaluating the data obtained, these 
were analyzed by three applications of the 
Thomas slope method; first using data for 
the first 7 days as observed at 1-day inter- 
vals; second, by using all 10-day results; 
and third, by using 10-day observations at 
2-day intervals. 

There was a wide variation in k values 
depending on the dilution used. There 
was no essential difference in the mean k 
value due to the souree of the sample. 
In general, the lowest concentration of 
sewage gave the lowest k value, when com- 
paring various dilutions. The mean k 
values for Cincinnati domestic, hospital, 
and military sewages were 9.152, 0.169, 
and 0.148, respectively. These data indi- 
cated that the mean k& value was more 
nearly 0.15 than 0.10. 

Curves were drawn plotting B.O.D. 
values vs. time of incubation, and nitrite 
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determinations were made daily. The 
results suggested that the variation in k 
might be attributed to incubation con- 
centration and to nitrification. The time 
of onset and amount of nitrification were 
shown to be important factors in the 
variation of the derived velocity con- 
stants. Nitrite formation also occurred 
earlier and more frequently in the lower 
concentrations of sewage when a compari- 
son was made between various dilutions. 
The conclusions drawn were: 


“1, The general theory of clear-cut 
carbonaceous and nitrogenous stages in 
the B.O.D. reaction needs further study 
and considerable revision, particularly in 
its application to stream pollution prob- 
lems. 

“2. Application of blank seed sample 
demands as correction factors is an errone- 
ous procedure and should be avoided. 

“3. Nitrite and dissolved oxygen deter- 
minations should be made on all B.O.D. 
series that are to be used for the determina- 
tion of reaction constants. 

“4. Much work remains to be done on 
other factors besides dilution that may 
affect the onset of nitrification in sewage 
dilutions.” 

H. Guapys Swope 


Determination of Residual Chlorine in 
Sewage. By Henry C. MARKS AND 
Rosert R. Joiner. Analytical Chem- 
istry, 20, 12, 1197-99 (December, 1948). 
On sewage, new methods for the deter- 

mination of residual chlorine showed that 

the widely used ortho-tolidine method was 
subject to errors. The ortho-tolidine 

method frequently fails to indicate a 

residual at low dosage ranges even though 

some degree of bacterial destruction is 
obtained. It has been concluded that 
much of the residual chlorine in sewage is 
present as organic chloramines and is not 
measured by the ortho-tolidine test. Two 

reasons for this have been suggested. (1) 

The chloramine might be sufficiently inert 

to leave certain types of chlorine demand 

unsatisfied but at the low pH of the test 
might become active enough to react with 
unsatisfied demand and therefore be dis- 
sipated. (2) The chloramine could react 
so slowly with the ortho-tolidine that 
fading would prevent complete color de- 
velopment. These two effects were dem- 
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onstrated on solutions of pure amino com- 
pounds and both may contribute to the 
error in the ortho-tolidine method when 
applied to sewage. Since there is 
than one independent source of error in the 
ortho-tolidine determination the error will 
not be a constant one. 

D. 


more 


Determination of Phenol and Structurally 
Related Compounds by the Gibbs 
Method. By M. B. Ertincer 
C. C. Rucuuorr. Analytical Chemis- 
try, 20, 12, 1191-1196 (December, 
1948). 

In connection with stream pollution and 
water supply problems, analytical methods 
for phenolic materials should be sensitive 
to a few parts per billion of phenol or the 
eresols. In addition to sensitivity, speed 
and ease of determination are desirable. 
This paper presents a detailed study of 
factors affecting the determination of 
phenol, etc. by means of 2,6-dibromo- 
chloroimide (Gibb’s reagent). 
absorption characteristics of the 
Gibbs’ reaction were 


quinone 
Light 
products of 
studied. 

The best results were obtained when the 
Gibbs was carried out at room 
temperature with samples and standard 
maintained within +1.0° C. at pH 9.4. 
The time should be 18 to 24 
hours. The reaction product is then ex- 
tracted with normal butyl alcohol. Spee- 
trophotometrie examination of the colored 
produet is recommended. 
the reaction product with 
normal butyl alcohol inereases the sensitiv- 
ity of the reaction. 

An accelerated procedure carried out at 

C. is described. This gives quick 
results at the sacrifice of aecuracy, 

The 
to the determination of phenol and ortho- 
and meta-cresols in aerobic, polluted river 
but additional study will be re- 
quired to develop the best procedures tor 
industrial 
not suitable for 
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reaction 


reaction 


reaction 
traction of 


procedures described are adapted 


waters, 
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determination ol 


substance does not 
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react with Gibbs’ 
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method for this 
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errors of from +1.7 to +2.30 per cent. 
Thirteen references. 


Pau, D. Haney 


Lactic Acid from Fermentation of Sulfite 
Waste Liquor. By Reip H. Leonarp, 
W. H. Pererson anp M. J. Jounson. 
Industrial and Engineering Chemistry, 
40, 1, 57-67 (January, 1948). 

This paper presents detailed information 
on the results of an extensive study of the 
fermentation of sulfite waste liquor for 
lactic acid production. Sulfite waste liq- 
uor, a byproduct of the pulp and paper 
industry, was prepared for fermentation 
by steam-stripping followed by precipita- 
tion of the sulfite with calcium hydroxide. 
The liquor was then filtered and neutral- 
ized to pH 7 or lower with carbon dioxide. 
Following this preliminary treatment the 
sulfite waste liquor was inoculated with 
lactic acid-producing bacteria (Lactohacil- 
These bacteria act upon 
the hexose wood sugar present in the liq- 
uor, producing about two mols of lactic 
The best 
results were obtained at incubation tem- 
peratures of than 37° C. The fer- 
mentation required about 48 hours for 
completion at 30° C. During fermenta- 
tion the pH was controlled by the addition 
of caleium carbonate or ealeium hydroxide. 
One of the most important factors in the 
fermentation process is the addition of a 
suitable auxiliary nutrient source. Nutri- 
ents influence to a considerable degree the 
rate and extent of fermentation. Malt 
sprouts appeared to offer the most promis- 
ing material on the and 
availability. The fermented liquor was 
concentrated, acidified, and extraeted 
with a solvent for lactic acid reeovery. 

The sulfite waste liquor derived from 
the manufacture of about 1 ton of pulp 
from spruce wood will yield about 300 Ib. 
of lactic acid. Costs for raw materials are 


estimated to be 2.5 to 3.4 cents per lb. of 


lus pentosus). 


acid from each mol of hexose. 


less 


bases of cost 


product, including some acetic acid pro- 
duction. 

As a means of sulfite waste liquor utiliza- 
tion the lactic acid fermentation process 
compares favorably with other processes. 
The B.O.D. of the effluent from lactie acid 
production would be slightly greater than 
the effluent from yeast production. How- 
ever, 60 to 70 per cent of the liquid 
would be 


since 


volume evaporated during re- 
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covery of the acid, it may be possible to 
utilize the residue for some purpose. 
Eleven tables; eight charts; four photo- 
graphs: twenty-one references. 

D. Haney 


Chemical Precipitation of Meat Packing 
Wastes. By M. D. Sanpers. IJndus- 
trial and Engineering Chemistry, 40, 6, 
1151-1152 (June, 1948). 

Liquid waste from a meat packing plant 
may have a 5-day B.O.D. of from 500 to 
2,000 p.p.m. derived from protein, fat and 
partly digested forage. The B.O.D. may 
be reduced 10 to 40 per cent by fat flota- 
tion, screening, and sedimentation. The 
remainder of the organic matter consists of 
emulsified fat and nitrogenous material. 
By chemical precipitation of the clarified 
waste, these components may be recovered 
in usable form. 

The process described in this paper in- 
volves precipitation of proteins and fats 
at pH 4.0 to 5.2, and coagulation of this 
precipitate with iron (ferric) or aluminum 
salts. For maximum organic matter re- 
duction the pH should be 4.8. The most 
practical chemicals to use are sulfuric acid 
and ferric sulfate. About 200 p.p.m. of 
sulfuric acid and 20 p.p.m. of ferrie iron 
will be required. The waste treatment 
process described includes primary treat- 
ment followed by mixing, floeculating and 
sedimentation devices. The precipitate 
is withdrawn from the sedimentation tank 
and then heated (steam) to produce co- 
agulation of solids which collect in a pasty 
layer at the surface of the liquid. The 
liquid portion is returned to the plant 
influent. The solids are dewatered to 
75 to 85 per cent moisture. This produet 
is suituble for animal food 
ingredient. 

The treatment described produces over- 
all B.O.D. reductions of from 59.5 to 
88.5 per cent. The effluent from a plant 
employing this treatment can be success- 
fully handled on a trickling filter. With 
daily B.O.D. loadings of from 1,550 to 
2,900 Ib. per acre foot the trickling filter 
emploved gave B.O.D. reductions of from 
68 to S83 per cent. The filter was 6 ft. 
deep. The of the applied waste varied 
trom 4.8 to 5.0. 

The value of the product pays only a 


use as an 


small part of operating, maintenance and 
charges. If 


fixed the fat and protein 
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could be recovered separately these pro- 
duets would be much more valuable. 
Four references. 

D. Haney 


Storage Studies on Kraft Mill Wastes. 
By W. A. Moaero. Engineering Ex- 
periment Station Bulletin, Series No. 
13, Louisiana State University, Baton 
Rouge, La. (1948). 

This 26-page bulletin is a report of an 
investigation of the storage studies on 
kraft mill wastes. The effects of three 
variables on the treatment of kraft mill 
diffuser waste water by storage were 
studied and reported. The variables stud- 
ied were: effect of bacterial seeding; effect 
of pH adjustment; effect of adding 
nitrogen salts. 

Seeding of the waste, using storage pond 
sludge, contents of ecow’s rumen, and lake 
mud, proved effective in accelerating the 
initial removal of B.O.D. from the waste. 
The seed developed from the cow’s rumen 
appeared slightly superior to the others. 
Total B.O.D. removal at the end of the 
storage period (40-50 days) was essentially 
equal in the seeded and unseeded samples. 
However, the so-called unseeded samples 
eventually became seeded through natural 
contamination. 

Adjustment of the initial pH of the 
seeded waste to a range of pH 7-9 was 
effective in accelerating initial removal of 
B.O.D. from the wastes. The unadjusted 
control with a pH of 10 exhibited an ap- 
preciable lag in B.O.D. removal until 30- 
days storage, following which the removal 
equalled that of the adjusted samples. 
The pH of all the samples of stored wastes 
eventually adjusted itself to essentially 
the same range, with the initially unad- 
justed controlled sample being the last to 
adjust itself to that level. It is believed 
that in order to allow decomposition to 
proceed uninhibited, an initial pH of below 
9.0 is necessary. 

Supplementing the seeded wastes with 
nitrogen in the form of organie nitrogen, 
nitrate nitrogen, and ammonia nitrogen 
exhibited widely divergent results. In 
the case of organic nitrogen, because of the 
added organic loud created by peptone, 
B.O.D. removal figures can not be com- 
pared favorably. It may be stated that 
at the end of 50-days storage as much 
B.O.D. remained as was contained in the 
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original waste at the beginning of storage. 
Addition of ammonia nitrogen exhibited 
a slightly greater percentage of B.O.D. 
removal than did the control which had no 
nitrogen added toit. The nitrate nitrogen 
sample exhibited excellent B.O.D._ re- 
moval, with a very high immediate re- 
moval rate. The addition of nitrate to 
seeded waste gave results far exceeding the 
efficiency of removal exhibited by any of 
the other variables. However, the high 
rate of B.O.D. removal effected by the 
added nitrate salt is undoubtedly due to 
the source of easily available oxygen it 
furnished. Therefore, the addition of 
nitrogen itself in the form of salts is of 
little value in accelerating the removal of 
B.O.D. from seeded wastes. 

C. Martin 


Steel Mill Wastes Converted from Nui- 
sance to Profit. Staff Report, Chemical 
Industries, 63, 784-5 (Nov., 1948). 

The Wheatland Tube Company and 
Wheatland Steel Products Company have 
established the Maneely Chemical Com- 
pany to process waste pickle liquor with 
zine wastes from galvanizing. A $500,000 


plant is expected to be in operation by 
January, 1949. 

The zine wastes consist of metallic zinc, 
zine oxide, zine oxychloride, ammonium 


chloride, iron, and other waste matter. 
Metallic zine is recovered by crushing and 
screening. The residue is roasted to con- 
vert all the zine to zine oxide. 

Waste pickle liquor is stored in a 20,000- 
gal. acid-brick tank. It is clarified in 
2,000-gal. batches in a glass-lined reactor 
by treatment with 200 lb. of impure zine 
oxide. This neutralizes the free acid and 
precipitates the ferric iron as a gelatinous 
floc. The suspended matter is removed on 
a string filter and discarded. 

The clear solution is treated at 100° C. 
in a glass-lined reactor with 3,500 to 4,00) 
lb. of zine oxide. The mixture is agitated, 
and chlorine is added through the bottom 
of the kettle. The zine oxide tends to 
lower the pH, and the chlorine tends to 
raise it, so addition of the latter is auto- 
matically controlled to hold the pH_ be- 
tween 4.0 to 6.2. This range insures the 
precipitation of ferric iron but avoids the 
precipitation of ferrousiron. The reaction 
requires about 3 hours for completion, as 


marked by precipitation of all the iron. 
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The slurry is filtered and the cake dried 
in a Raymond flash drier. The product 
is a bright orange hydrated ferric oxide 
valuable for conversion to high grade 
pigments. 

The filtrate is passed through a polishing 
filter to a double-effect morel evaporator 
where it is concentrated to the point at 
which zine sulfate erystallizes as the 
hexahydrate. The salt is filtered off and 
dried in a drum drier. Evaporation of the 
filtrate is continued further to precipitate 
an impure mixture of zine salts, and zine 
chloride is finally obtained as a 70 per cent 
solution. 

Building and equipment will be depreci- 
ated over 10 years; 20 per cent of the 
operating cost has been allowed for ad- 
ministration and contingencies, and 10 
per cent of gross revenue for selling ex- 
pense. Material losses of 10 per cent have 
been provided for. On the basis of con- 
servative estimates, the should 
operate at a profit. 


process 
Ricuarp D. Hoak 


Recover Usable Water from Waste by 
Extracting Condensable Gases. By 
Joun C. ALBricut. Petroleum Process- 
ing, 3, 1116 (November, 1948). 

A simple stripping column and accessory 
equipment, recently installed by Union Oil 
Company of Calif. in its Wilmington re- 
finery for removing hydrogen sulfide and 
ammonia from plant waste water, is re- 
ported to be giving satisfactory service. 

The process used to extract the gases is 
a simple fractionating unit. Its operation 
is virtually automatic, the. still 
bottoms contain no trace of hydrogen 
sulfide and only a small percentage of 
ammonia. The consists of a 
waste-gathering system; a horizontal ac- 
cumulator with an interface level trans- 
mitter; a duplex reciprocating steam 
pump, with a spare; a conventional shell- 
and-tube heat exchanger; a stripping 
column, 4 ft. in dia. by 30 ft. high, con- 
taining 12 bubble plates; and an overhead 
partial condenser from which the 
taminents are removed. 

In operation, the feed is heated to 220° 
F. and the stripped water cooled in the 
exchanger. The feed enters the column 
at the midpoint. Saturated steam at 20 
p.s.i. is introduced at the the 
column to maintain a temperature of 
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240° F. Water vapor, H.8, and NH; 
leave the top of the column, at 8 p.s.i. and 
227° F., through a vapor line to a partial 
condenser. Reflux from the condenser is 
returned at 140° F. near the top of the 
column to control top temperature and to 
strip residual compounds from the recycle. 

About 1,400 bbl. per day of waste water, 
containing 3,600 lb. and 4,800 Ib. 
NHs, yields 1,810 bbl. of still bottoms con- 
taining no H.S and only 500 Ib. per day of 
ammonia. The increase in bottoms over 
charge is accounted for by the 410 bbl. of 
water added as process steam. 

Ricuarp D, Hoak 


Answers to Stream Pollution Problems 
Sought. Staff Report, Chemical and 
Engineering News, 26, 51, 3751 (Decem- 
ber 20, 1948). 

This article reports a symposium held at 
the Chemical Engineers’ Club of Wash- 
ington on December 6, 1948. State and 
federal agencies, technical consultants, 
and industry were represented in the dis- 
cussions. The fallaey of a generalized 
answer to stream pollution problems was 
repeatedly emphasized, 

The Maryland stream pollution program 
was described by a member of the water 
pollution control organization. The ap- 
proach to the stream pollution problem in 
Maryland has consisted of a fact-finding 
program plus an invitation to those in- 
volved to reduce pollution to appropriate 
levels. 

Pollutants which upset a stream’s 
oxygen balance were considered to be the 
number one problem by one speaker. 
They cause great difficulty when they 
exceed the stream’s ability to supply their 
oxygen requirements. 

About half of the oxygen demand load 
on the streams comes from industrial 
wastes. The most effective control of 
these wastes lies in the original develop- 
ment of the process. The waste control 
organization of a large chemical manu- 
facturing company was described. The 
problem of stream pollution control is one 
calling for the coordinated efforts of 
industry, municipalities and sanitation 
agencies. Tennessee was cited as an 
example of a state having representatives 
of all three groups on its pollution control 
commission. Industry has definite 
interest in stream pollution control since 
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it is interested in the maintenance of 
supplies of clean process water. 

A description of the federal water pollu- 
tion control program established by Public 
Law 845 was presented by a representative 
of the U. 8. Public Health Service who 
stressed that the federal program was de- 
signed to assist state and local groups. 
This speaker noted that there was a 
definite trend toward formation of inter- 
state compacts. Public Health Service 
activities will be carried out in 14 major 
river basin areas. 

Pau, D. Haney 


New Federal Pollution Control Act—lIts 
Significance to Petroleum Refiners. 
By W. B. Harr. Petroleum Processing, 
3, 827-28 (Sept., 1948). 

After reviewing the various sections of 
the new Act (S—418), the author comments 
as follows: 


“The important features of this act, 
insofar as industry, and particularly the 
petroleum industry, is concerned, all come 
in the first five sections. The act in itself 
is not nearly as strict as many of the state 


laws, but of course, it is national in scope. 
It is an act which could well stay on the 
books for years without much effect in the 


way of accomplishment. The wording of 
the act is rather vague; it is filled with the 
phrases, ‘Reasonable time,” “Reasonable 
and equitable measures,’’ ete. These 
statements say little, and leave wide open 
room for individual opinion as to what they 
mean. Consequently, the entire effective- 
ness of the Water Pollution Control Act 
appears to depend, as with many of our 
laws, upon its administration.” 


It is suggested that the Pollution Con- 
trol Advisory Board authorized by the Act 
may adopt a policy of watchful waiting to 
see what state agencies will do. Under 
such circumstances, much state activity 
will consist in a scramble for the funds ap- 
propriated by the Act. 

A second possibility is that the states 
may increase their pollution abatement 
activities through fear of action by the 
Surgeon General. Unless the Act is ad- 
ministered aggressively, it is likely that 
any spurt in state activity will be short- 
lived, because the Surgeon General can do 
little of his own volition until all steps re- 
quiring state agreement have been taken. 


3 
ae 
A 
; 
= 


376 


The author concludes that it will be some 
time before the various activities estab- 
lished by the Act can be organized. In 
the meantime, all industry can best serve 
itself by taking stock of its position, and its 
relationship with state agencies. The 
petroleum industry should carefully ex- 
amine its position concerning wastes other 
than oils, and such standardized equip- 
ment as has led it to a feeling of security in 
connection with oil pollution. Some of 
this equipment may not be satisfactory if 
called upon to handle wastes other than 
those for which it was designed. 

Ricuarp D. Hoak 


Sanitation and Sewage Treatment Prog- 
ress in El Salvador. By J. ALFonso 
Vaupivieso. Journal of the Inter-A mer- 
ican Association of Sanitary Engineering, 
1, 4, 433-443 (April, 1948). 

The bulk of the 
Salvador is rural. Except for the capital, 
San Salvador, having a population of 
167,000, there are no large cities. Except 


population of El 


for one city of 40,000, the remainder are 
less than 25,000 in population. 


Only two or three of the cities are 
financially able to earry on a well-planned 
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program of sanitation improvements. A 
1936 law requires each municipality to 
spend at least 5 per cent of its revenue for 
sanitation, but because of very limited 
income these funds are inadequate for 
financing works of any importance. Of 
greater value is the government aid to 
municipalities that is available for con- 
struction of public works, either in the 
form of direct grants or by having the 
Department of Public Works of El 
Salvador carry out the construction. 

Except for the construction of a sewer 
system in San Salvador between 1922 and 
1925, most sewerage work has been done 
since the organization in 1942 of the 
Inter-American Cooperative Service of 
Public Health (the organization promoted 
by the U. S. Government through the 
Institute of Inter-American Affairs). 

Although there are now many towns 
with sewer systems, only two sewage treat- 
ment plants have been built, one a trick- 
ling filter plant at San Miguel, and the 
other an Imhoff tank-sand filter plant at 
Santa Tecla. As a result, the pollution of 
streams, particularly during the 6-month 
long dry season, has become a major 
problem. 

Ray 
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Book Review 


Treatment and Disposal of Industrial Waste 
Waters. By A. H. M. 
Sationery Office, York House, Kingsway, 
London, W.C. 2. First Edition, 1948. 
Price $3.65.* 

This volume is the first book on this subject 
to be published in Great Britain in 35 years 
and constitutes a valuable addition to the 
industrial waste treatment literature. Divided 
into 19 chapters, the book contains 322 pages, 
plus index. It is bound in cloth, is 6 by 10 
in. in size, and fhe layout and typography are 
adequate. Chapter headings and reference 
sources are: 

English 


an 
European American 
Refer- Refer- 
Chapter Heading Pages ences! ences 
1 Polluting Effects of 13 13 le 
Industrial Waste 
Waters 
2 Effects of Pollution 
on Use of Water 
3 Effects of Pollution 
on Fish 
4 Modern Methods of 
Treatment of Sew- 
age 
General Methods of 
Treatment and 
Disposal of Indus- 
trial Waste Waters 
Coal Mining 
Carbonization and 
Similar Processes 
Copper and Copper 
Alloys 
Pickling of Steel 
Waste Waters Con- 
taining Chromates 
and Cyanides 
The Textile Indus- 
tries 
Laundering 
Manufacture of 
Leather 
Paper Mills 
Dairies and Milk 
Products Factories 
Slaughterhouses and 
Manufacture of 
Fish Meal 
Manufacture of Malt, 
Beer, Aleohol, and 
Yeast 


Obtainable from: British Information 
Services, 30 Rockefeller Plaza, New York 20, 
New York. 


American 
Refer- 


ences 


European 
Refer- 
Chapter Heading Pages ences! 
18 Canning and Drying ik 3 20 
of Vegetables and 
Fruit 
Miscellaneous 
esses une 
Waters 
Index 


Proe- 13 


Waste 


Totals 
Including 50 German References. 


The book deals primarily with the general 
principles governing methods of treatment of 
industrial wastes rather than with the engi 
neering details of particular installations. 
Various methods of treatment which have been 
tried in each industry are described, with a 
tabular summary of the results obtained in 
eluded from which the suecess of the methods 
can be judged. Many of the data presented 
have been drawn from the work of the Water 
Pollution Research Laboratory, of which the 
author is the direetor, but they also include 
the chief results of others who 
significant contributions to the 
waste treatment field. 

A list of references to the more important 
published work on each subject is given at 
the end of each chapter. For the book as a 
whole, the data discussed have been taken in 
about equal proportions from American and 
British experience. For many individual sub 


have made 


industrial 


jects, however, data presented are predomi 


nately from British or American sources. 
Only 77 of the 532 references relate to work 
published since 1942, and in 6 chapters thers 
are no references later than 1942 

Dr. Southgate’s book is a significant con 
tribution to the industrial waste treatment 
field and constitutes an excellent compilation 
and analysis of data pertaining to this sub 
ject. It undoubtedly will prove te be an in 
valuable volume for all those eon 
cerned, either directly or indirectly, with the 
solution of industrial waste disposal problems. 

S. C. Martin 
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1948-49 OFFICERS 
President: V. M. Ehlers 
Vice-President: A. H. Niles 
Treasurer: W. W. DeBerard 
Executive Secretary-Editor: W. H. Wisely 
Advisory Editor: F. W. Mohlman 


PAST PRESIDENTS 


Name Period Served 
Charles A. Emerson. . ..1928-41 
*ArthurS. Bedell... .. ... 1941-42 
George J. Schroepfer .1942-43 
A. M. Rawn..... .1943-44 
Albert E. Berry. 1944-45 
John K. Hoskins. .1945-46 
Francis 8. Friel... . . .. 1946-47 
George S. Russell... . .1947-48 


HONORS AND AWARDS 
Honorary Members 


The qualifications for Honorary membership in the Federation are set forth in 
Article II, Section 4 of the By-Laws. Honorary Members are elected upon recommen- 
dation by a committee comprising the President and four latest Past Presidents, the 
senior Past President as chairman, in accordance with a policy adopted by the Board of 
Control on October 23, 1943. Honorary Members elected to date are as follows: 


Charles Alvin Emerson ; ..1941 
*ArthurS. Bedell. . . 1942 
Julius W. Bugbee. 1942 
Langdon Pearse. . .. 1942 
Charles Gilman Hyde. 1943 
Howard Eugene Moses. 1943 
Floyd William Mohlman 1944 
Willem Rudolfs........ 1945 
William John Orchard 1946 


F. Wellington Gilcreas. 1948 


The Harrison Prescott Eddy Medal 


The Harrison Prescott Eddy Medal is awarded annually to a member of any Mem- 
ber Association of the Federation ‘for outstanding research contributing in important 
degree to the existing knowledge of the fundamental principles or processes of sewage 

; treatment, as comprehensively described and published during any stated year in 
SewaGE Works JourNaAL.”’ The award commemorates Harrison Prescott Eddy, a 
famous engineer and a pioneer in the art of sewage treatment. 

Past recipients of the award are: 


Harry Willard Gehm. . bs 1943 

John Raymond Snell 1944 

Lloyd R. Setter... .. 1945 

H. Heukelekian . 

Richard Pomeroy and Fred D. Bowlus. 1947 

F. W. Kittrell and O. W. Kochtitzky, Jr.. 
* Deceased. 


379 


| 

» 

— 
ra 


SEWAGE WORKS JOURNAL March, 1949 


The George Bradley Gascoigne Medal 


The George Bradley Gascoigne Medal is awarded annually to a member of any Mem- 
ber Association of the Federation “for outstanding contribution to the art of sewage 
treatment works operation through the successful solution of important and complicated 
operational problems, as comprehensively described and published during any stated 
year in SeEwaGE Works JourNnat.” This award is in memory of George Bradley 
Gascoigne, a prominent consultant from 1922 to 1940, who demonstrated an unusual 
interest in matters of sewage works operation. 

Past recipients of this award are: 


Kerwin L. Mick. . i 
James T. Lyneh and Uhl T. Mann 
John D. MeDonald. . 

LeRoy Winfield Van Kleeck 

Leon 8. Kraus. 

David P. Backmeyer 


The Charles Alvin Emerson Medal 


The Charles Alvin Emerson Medal is awarded annually to a member of any Mem- 
ber Association of the Federation ‘‘for outstanding service in the sewerage and sewage 
treatment works field, as related particularly to the problems and activities of the Fed- 
eration of Sewage Works Associations in such terms as the stimulation of membership, 
improving standards of operational accomplishments, fostering fundamental research, 
etc.” This award honors Charles Alvin Emerson, who served as President of the Fed- 
eration from 1928 to 1941 and holds the distinetion of being its first Honorary Member. 


Past recipients are: 


Floyd William Mohlman 
Willem Rudolfs........ 
Harold Warner Streeter 
Wellington Gilcreas 
Langdon Pearse 


LeRoy Winfield Van Kleeck 


The Kenneth Allen Award 


From 1943 through 1948, meritorious personal service to the Member Associations 
of the Federation was recognized by the Kenneth Allen Award. The award was retired 
in 1948, 

Recipients of this award have been: 


Vame Member Association 
Harry Thornton Calvert I. Ss. P. (England) 
Edward F. Eldridge. . . Michigan 
John Kurtz Hoskins Federal 
Fred Merryfield Pacific Northwest 
Edward P. Molitor New Jersey 
Robert 8. Phillips... . North Carolina 
Alfred Henry Weiters. . lowa 
William Homer Wisely. . Central States 
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1944 
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1946 

1947 

1948 
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1943 

1944 

1945 

1946 

1947 

.. 1948 

: 

1943 
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Name 

Albert Edward Berry. 
Van Porter Enloe... . 
Albert Legrand Genter 
F. Wellington Gilcreas 
Charles A. Holmquist 
Dana Ewart Kepner. . 
Leon Benedict Reynolds 
Wilson Waldo Towne. . . 


Name 
Howard Eugene Moses 
George S. Russell. . 


Joe Williamson, Jr... .... 
Murray Alderson Wilson. . 


Name 
E. J. M. Berg. . 
Frank E, DeMartini. 
John R. Downes. 
Thomas J. Doyle. . 
John Henry Garner. 
Harold Benedict Gotaas 
William P. Hughes. 
Theodore R. Lovell 
George Martin 


Name 
William T. Knowlton 
Floyd W. Pinney. 
Gilbert R. Frith 
Clarence E. Keefer. 
Stuart E. Coburn 
Wellington Donaldson 
Henry J. Darcey. . 
Carroll H. Coberley. 
William Storrie. . 
William Merriam Cobleigh. 


Name 
George W. Marx. 
David Bryon Lee. 
William Q. Kehr. . 
F. Dean Stewart. . . 
Francis DeSales Friel 
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York 


Ohio 


Kansas 


. Texas 
Federal 


.New Jersey 


_North Carolina 


Member Association 
Canadian 

Georgia 

Maryland- Delaware 
New England 


Rocky Mountain 
California 
Dakota 


Member Association 
Pennsylvania 
Missouri 

Arizona 


Florida 


Member Association 


Michigan 
I. 8. P. (England) 


Pacifie Northwest 
Iowa 
Central States 


Member Association 
California 

Dakota 

Georgia 
.Maryland-Delaware 
New England 

New York 
Oklahoma 

Rocky Mountain 
Canadian Institute 
Montana 


Member Association 
Arizona 
Florida 
. Missouri 
.Ohio 
. Pennsylvania 
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The William D. Hatfield Award 


The William D. Hatfield Award recognizes outstanding annual sewage works opera- 
tion reports. Following the 1946 award, the Board of Control authorized identical 
awards for outstanding annual reports prepared (1) for plants serving less than 10,000 
population, (2) for plants serving populations of 10,000 to 100,000, and (3) for plants 
serving populations of more than 100,000 persons. 

Recipients of this award have been: 


1946 


Walter M. Kunsch 


1947 


Plant Population 
Name Classification 
........Under 10,000 
John R. Szymanski... . 10,000 to 100,000 
Warren H. Sleeger and George J. Schroepfei .. Over 100,000 


Plant Population 
Name Classification 
F. E, Peterson. . . Under 10,000 
Thomas T. Hay. . 10,000 to 100,000 
Kerwin L. Mick Over 100,000 


Membership Prizes 


Prizes for membership activity in its various Member Associations have been 
awarded by the Federation since 1943. The following Member Associations have 
received these prizes: 

Assoc tation Year 
Federal Sewage Research Assn. and Central States Sewage Works 
Missouri Water and Sewerage Conf. and Central States Sewage 
Arizona Sewage and Water Works Assn. and Canadian Institute 
on Sewage and Sanitation... . 
Oklahoma Water and Sewage Conf. and Canadian Institute on 


Pennsylvania Sewage and Industrial Wastes Association and 
West Virginia Sewage and Industrial Wastes Association... .1948 


Quarter Century Operators Club 


The Quarter Century Operators Club is an informal group comprising Active or 
Corporate Members of any Member Association who had been engaged in sewage treat- 
ment works operation, on a full-time resident basis, twenty-five years prior to the date 
of their admission into the Club. The Club was created in 1941 under the sponsorship 
of Frank Woodbury Jones, who serves as its registrar. The roster: 

Charles C. Agar George C. Behnke 
Reuben A. Anderson Julius W. Bugbee 
Harry M. Beaumont Raymond G, Case 
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E. Sherman Chase 
Stuart E. Coburn 
Morris M. Cohn 
Rodney E. Cook 
Earl Devendorf 
John R. Downes 
Almon L. Fales 
Harry M. Freeburn 
Arnold H. Goodman 
Wm. C. Hamm 
William D. Hatfield 
Charles C. Hommon* 
Frank W. Jones 
Harry J. Krum 
Roy 8. Lanphear 


Annual 


Meeting 
Number Location 
Chicago, Illinois 


2 New York, New York 
3 New York, New York ¢ 
4 New York, New York ¢ 
5 New York, New York ¢ 
6 New York, New York + 

New York, New York + 


S New York, New York t 
9 New York, New York t 
10 New York, New York + 
11 New York, New York 7 
12 New York, New York t 
13 New York, New York t¢ 
Chicago, Illinois 
14 New York, New York t 
New York, New York t 
15 Cleveland, Ohio § 
16 Chicago, Illinois § 
17 Pittsburgh, Pa. § 
IS Chicago, Illinois + 
19 Toronto, Ont., Can. § 
20 Philadelphia, Pa. 


San Francisco, Calif. 
Detroit, Mich. § 


* Deceased. 
7 Annual business meeting of Board of Control. 
t Convention of membership-at-large. 
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ANNUAL MEETINGS AND CONVENTIONS 


John V. Lewis 


C. D. McGuire 
Paul Mollitor, Sr.* 
Arthur H. Niles 


I. H. Nevitt 


John R. Palmer 


Wm. M. Piatt 


Wm. A. Ryan 


Theodore C. Schaetzle 


Glenn Searls 


John S. Simmerman 
H. W. Streeter 


S. L. Tolman 


Edmund B. Wagner 
Charles E. Wheeler, Jr. 


Date 
October 16, 1928 


January 18, 
January 14, 
January 22, 
January 22, 
January 19, 
January 18, 
January 18, 
January 16, 
January 22, 
January 21, 
January 20, 
January 18, 


October 3-5, 1940 


January 15, 


October 9-11, 1941 
October 22-24, 1942 
October 21-23, 1943 
October 12-14, 1944 
October 17-18, 1945 
October 7-9, 1946 


1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 


1941 


October 10, 1947 
July 21-24, 1947 


October 18-21, 1948 


§ Annual business meeting of Board of Control and convention of membership-at-large. 
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DIRECTORY OF COMMITTEES 
1948-49 


Constitutional Committees 
(See Article VI of By-Laws) 
EXECUTIVE COMMITTEE OF THE BOARD OF CONTROL 
V.M. Ehlers, Chairman 


L. M. Fischer R. D. Pomeroy 
L. D. Matter R.S. Rankin 
A. H. Niles G. S. Russell 


GENERAL Poticy COMMITTEE 


The General Policy Committee studies and recommends to the Board of Control 
upon all matters of policy affecting the well-being and usefulness of the Federation and 
its Member Associations; matters of public relations; the advancement of and the pro- 
fessional and social status of members, and such other matters of similar nature as may 


be referred to it by the Board. 
G. Ss. Russell, Chairman 
George Martin Miltner 
John R. Downes Kenneth Chrysle: 
Dana E. Kepner William Storrie 
PUBLICATIONS COMMITTEE 
The Publications Committee arranges the technical programs for the annual conven- 


tions of the Federation and has general supervision of all publications of the Federation. 


F. W. Gilereas, Chairman 


Rolf Eliassen F. W. Mohlman 
C. C. Larson W. H. Wisely 
Carl E. Green 


ORGANIZATION COMMITTEE 


The Organization Committee examines and reports to the Board on applications for 
membership in the Federation and endeavors to encourage the formation of new regional 
associations or conferences eligible for membership. 

Earnest Boyce, Chairman 


C, R. Compton R. H. Suttie 


SewaGe Works Practice COMMITTEE 


The Sewage Works Practice Committee reviews and directs for publication any 
resolution, report or publication which establishes professional or technical standards in 
the name of the Federation. 
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Morris M. Cohn, Chairman 


L. W. Van Kleeck 
Kerwin L. Mick 


Norval E. Anderson 
D. E. Bloodgood 


R. F. Brown F. W. Mohlman 
G. P. Edwards A. H. Niles 

Fk. W. Gilereas Langdon Pearse 
kK. V. Hill Willem Rudolfs 
C. E. Keefer F. M. Veatch 
C. W. Klassen W. H. Wisely 


Subcommittee on Use of Sludge as Fertilizer 


This subcommittee of the Sewage Works Practice Committee was assigned to com- 
pile a manual of practice on “Utilization of Sewage Sludge as Fertilizer.” The assign- 
ment has been completed and Manual of Practice No. 2 was published under the above 
title in November, 1946. 

A. H. Niles, Co-Chairman 


Langdon Pearse, Co-Chairman 


F. W. Gilereas 
W. Mohlman 
Willem Rudolfs 


Subcommittee on Occupational Hazards 


T. C. Schaetzle 
L. W. Van Kleeck 
W. H. Wisely 


This subcommittee of the Sewage Works Practice Committee has been assigned to 
compile a Manual of Practice on ‘Occupational Hazards in the Operation of Sewage 
Works.” The manual has been completed and was distributed to the membership in 


December, 1944. 


L. W. Van Kleeck, Chairman 


s. H. Ash 


Reuben F. Brown 


Joseph Doman 


Subcommittee on Air Diffusion 


Fred R. Ingram 
L. L. Langford 
L. West 


This subcommittee of the Sewage Works Practice Committee has been charged with 
the duty of producing a Manual of Practice on “Air Diffusion in Sewage Treatment.”’ 
The first draft of the manual is under review. 


Norval E. Anderson, Chairman 


A. J. Beck 
G. P. Edwards 
C. T. Mickle 


W. F. Schade 
C. B. Townend 
J.J. Wirts 


Subcommittee on Sewer Maintenance 
This subcommittee of the Sewage Works Practice Committee has been directed to 


develop a Manual of Practice on “Maintenance of Sewers and Appurtenant Structures.” 
The first draft of the manual is in preparation. 


R. F. Brown, Chairman 


Thos. B. Garry B. H. Grout 

W. H. Brown, Jr. Roy E. Phillips 

G. E. Finck Richard Pomeroy 
Grant Olewiler Robert P. Shea 

R. L. Patterson John H. Brooks, Jr. 
Henry Fitch Forest Weber 
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Subcommittee on Chlorination of Sewage 


This subeommittee of the Sewage Works Practice Committee has been assigned the 
development of a Manual of Practice on “The Use of Chlorine in Sewage Treatment.” 
The manual is in a late stage of preparation. 


W. Gilereas, Chairman 


N.S. Chamberlain H. A. Faber 
A. E. Griffin 


Subcommittee on Standardization of Units 


This subcommittee of the Sewage Works Practice Committee has been assigned to 
develop an approved schedule of units to be used in the reporting of plant operation and 
laboratory data. A committee of about forty members is at work. 


Willem Rudolfs, Chairman 


Subcommittee on Trickling Filters 


This subcommittee of the Sewage Works Practice Committee is engaged in the de- 
velopment of a Manual of Practice to be entitled ‘‘Trickling Filters—Their Character- 
istics and Loadings.”’ 

Kenneth V. Hill, Chairman 


B. F. Hatch Win. EF. Stanley 
W. Mahlie 


Subcommittee on Sewer Ordinances 


This subcommittee of the Sewage Works Practice Committee has been assigned the 
preparation of a Manual of Practice concerning the regulation and control of the usage 
of public sewers. The second draft of the manual is being prepared for final clearance 
prior to publication. 

D. E. Bloodgood, Chairman 


H. Babbitt A. F. Lehman 
Fred J. Biele A. H. Niles 
R. Brown A. Poole 
M. M. Cohn J. L. Quinn! 
Charles A. Davis ‘. L. Siebert 
C. E. Keefer 


Subcommittee on Sewage Works Accounting 


This sewage works practice subcommittee was created in 1946 for the purpose of 
developing a manual of practice on accounting procedures for municipal sewage works 
functions. A preliminary draft of a comprehensive report on this subject is now being 
revised for distribution as a tentative manual of practice. 


FE. M. Veatch, Chairman 


G. J. Beiswange: A. Farmer 
Charles A. Davis S. I. Zack 
Alfred A. Estrada 


Subcommittee on Paints and Protective Coatings 


This sewage works practice subcommittee has the function of assembling experience 
and data on paints and protective coatings used in sewage works, to be presented with 
recommendations in the form of a manual. The subcommittee was created in 1946 and 
is now collecting data on this subject. 
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DIRECTORY OF COMMITTEES 


Kerwin L. Mick, Chairman 


Virgil Anderson F. W. Pinney 
W. D. Hatfield Walter A. Sperry 
J. W. Johnson M. L. Robbins 


W. T. McClenahan 


ResearcH COMMITTEE 


The Research Committee has the function of stimulating research work among the 


various Member Associations, and of cooperating with other organizations in the 
promotion of research. 


Willem Rudolfs, Chairman 


H. E. Babbitt H. J. Miles 

D. E. Bloodgood F. W. Mohlman 
G. P. Edwards C. C. Ruchhoft 
H. A. Faber C. N. Sawyer 

A, L. Genter L. R. Setter 

H. Heukelekian L. W. Van Kleeck 


R. P. Logan 


Subcommittee on Toxicity of Industrial Wastes 


This subcommittee of the Research Committee is functioning in three sections: 

Section I. Critical review of literature; Willem Rudolfs, Chairman, C. E. Barnes, 
P. Doudoroff, G. P. Edwards, H. Heukelekian, F. W. Kittrell, C. E. Renn and R. F. 
Weston. 

Section II. Development of methods for toxicity determinations on wastes; J. A. 
McCarthy, Chairman, 8. E. Coburn, G. P. Edwards, H. Heukelekian, E. Hurwitz, R. S. 
Ingols, C. C. Ruchhoft, W. W. Sanderson, C. N. Sawyer and R. F. Weston. 


Section III. Development and standardization of bio-assay methods; P. Doudoroff, 
Chairman. 


FINANCE COMMITTEE 


The Finance Committee develops the annual operating budget of the Federation 
and affords guidance to the Board of Control in financial affairs. 


W. J. Orchard, Chairman 


V. M. Ehlers G. S. Russell 


Special Committees 
CoMMITTEE.ON AWARDS 


The Committee on Awards was created by the Board of Control on October 11, 
1941. Functions of the committee are to advise the Board on matters of award pro- 
cedures and to make recommendations as to the annual winners of the Eddy, Gascoigne 
and Emerson Awards. 


H. W. Streeter, Chairman 


L. 8. Kraus 


G. A. Rohlich 


HoNorARY MEMBERSHIP COMMITTEE 


Authorized by the Board of Control on October 24, 1942, this committee comprises 
the President and four latest, living Past Presidents with the senior Past President as 
chairman. The committee reviews nominations for election to the grade of Honorary 
Member and makes recommendations to the Board on such nominations. 
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A. E. Berry, Chairman 
’. M. Ehlers J. K. Hoskins 
F. 8. Friel G. 8. Russell 
OPERATION ReEpoRTS COMMITTEE 
The Operation Reports Committee was created by the Board of Control on October 
11, 1941, to provide for Federation recognition of outstanding operation reports. The 
committee now administers the annual William D. Hatfield Award. 


A. F. Dappert, Chairman 
Wm. A. Allen G. A. Hall 


OPERATOR'S QUALIFICATIONS COMMITTEE 


Authorized by the Board of Control on October 11, 1941, the Operator’s Qualifica- 
tions Committee is assigned to “establish minimal qualifications for operators of various 
classes of treatment works.’”’ The committee also has the duty of collecting and coiapil- 
ing data on present procedures in the licensing and certification of operators, for refer- 
ence to Member Associations. 

L. W. Van Kleeck, Chairman 


Benjamin Benas T. C. Sehaetzle 


INDUSTRIAL WASTES COMMITTEE 


The Industrial Wastes Committee was created by the Board of Control on October 


23, 1943, for the purpose of developing interest in this important field and to direct a 
program whereby the Federation may be of service in industrial waste problems. 


F. W. Mohlman, Chairman 


D. E. Bloodgood V5 King 
H. W. Gehm L. F. Oeming 
W. B. Hart Wm. 8. Wise 


NOMINATING COMMITTEE 


The special Nominating Committee was created by the Board of Control on October 
9, 1946, to function in an advisory capacity to the Election Committee. The Nominat- 
ing Committee is to comprise the last five living Past Presidents, with the senior Past 
President as chairman. 


A. M. Rawn, Chairman 
A. k. Berry G. 5. Russel 
J. K. Hoskins S. Friel 
QuarTER Century Operators CLUB COMMITTEE 


The special Quarter Century Operators Club Committee was created by the Board 
of Control on October 9, 1946. It is the function of this Committee to establish eligibil- 
ity requirements, process membership applications, maintain the roster and supervise the 
activities of the Quarter Century Operators Club. 


Frank W. Jones, Chairman 


Stuart k. Coburn Harold W. Streeter 
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LEGISLATIVE ANALYSIS COMMITTEE 


The Legislative Analysis Committee was created by the Board of Control on October 
17, 1945, to study legislation pertinent to the interests of the Federation and to serve the 
Board in advisory capacity. 


Ralph E. Fuhrman, Chairman 


C. Sechwob L. D. Matter 
David B. Lee R. L. Winget 


ConstituTION AND By-Laws CoMMITTEE 
The Constitution and By-laws Committee was created by the Board of Control on 
October 10, 1947, to review and develop recommendations for the amendment of the 
Constitution and By-laws of the Federation as may be deemed advisable under chang- 
ing conditions. 

C. A. Emerson, Chairman 


W. J. Orchard 
G. S. Russell 


F.S. Friel 
F. W. Gilereas 
COMMITTEE ON EMERGENCY PLANNING 
Created in 1948, the Committee on Emergency Planning is the medium of Fed- 
eration cooperation with Federal agencies and others in matters pertaining to sanitation 
requirements and practices in the event of national emergency or disaster. 
C. W. Klassen, Chairman 
M. R. Golly David B. Lee 
W. A. Hardenbergh B. A. Poole 
COMMITTEE ON SEWER REVENUE Rates AND RATE STRUCTURES 


The Committee on Sewer Revenue Rates and Rate Structures was created by the 
Board of Control in 1948 to study and advise the Board on matters of Federation policy 
appertaining to sewer revenue financing procedures. 


G. J. Schroepfer, Chairman 


H. R. Green M. W. Tatlock 
W. E. Stanley Fk. M. Veatch 


Joint Committees With Other Associations 
COMMITTEE ON STANDARD METHODS OF SEWAGE AND INDUSTRIAL WASTES ANALYSIS 


Created by the Board of Control on January 22, 1931, the Committee on Standard 
Methods of Sewage and Industrial Wastes Analysis has functioned with similar com- 
mittees of the American Water Works Association and American Public Health Asso- 
ciation in the production of the laboratory manual Standard Methods for the Examina- 
tion of Water and Sewage. In 1947 the Federation became a joint publisher of this 
book with the above associations. The committee is presently engaged in a comprehen- 
sive research project on analytical methods, which work will continue for at least a year 
This project is being financed by a grant made through the National Institute of Health 


W. D. Hatfield, Chairman 
G,. E. Symons H. Heukelekian 
S. E. Coburn G. P. Edwards 
D. E. Bloodgood kk. W. Moore 
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A. J. Fischer M. Starr Nichols 
F. W. Gilereas Richard Pomeroy 
R. D. Hoak C. C. Ruchhoft 
Keeno Fraschino Willem Rudolfs 
W.S. Mahlie R. F. Weston 

R. 8. Ingols M. G. Mellon 

L. R. Setter L. K. Herndon 
C. N. Sawyer Ek. Hurwitz 


COMMITTEE ON SEWAGE WorKs NOMENCLATURE 


The Committee on Sewage Works Nomenclature was created by the Board of Con- 
trol on January 22, 1937, to function with similar committees of the American Society of 
Civil Engineers and American Public Health Association. This Joint Committee on 
Definition of Terms Used in Sewerage and Sewage Disposal Practice is now engaged in 
the compilation of a “Glossary of Water and Sewage Control Engineering,” in conjunc- 
tion with the Joint Committee on Definition of Terms Used in Water Works Practice, 
which comprises the American Society of Civil Engineers, American Public Health Asso- 
ciation and American Water Works Association. 


C. J. Velz, Chairman 


C, A. Emerson C. EF. Keefer 


COMMITTEE ON WATER AND SEWAGE WorKS DEVELOPMENT 


The Committee on Water and Sewage Works Development was organized in 1943 
to promote the planning of water and sewage works and to encourage the inclusion of 
such projects in postwar planning programs. The committee, temporarily inactivated, 


comprises representatives of the Water and Sewage Works Manufacturers Association, 
American Water Works Association, New England Water Works Association and the 
Federation of Sewage Works Associations. Federation representatives are: 


C. A, Emerson G. J. Schroepfer 


Special Convention Committees 
CONVENTION MANAGEMENT COMMITTEE 
The function of this committee is to supervise details of the management of the 
Annual Meetings of the Federation. 
W. J. Orchard, Chairman 
A. T. Clark I. L. Flood 
L. H. Enslow W. H. Wisely 
PLace COMMITTEE 


This committee reviews invitations received for the Annual Meetings of the Fed- 
eration and makes recommendations to the Board of Control in regard to the time and 
place of such meetings. 

V. M. Ehlers, Chairman 
A. T. Clark W. F. Rockwell 
A. H. Niles D. J. Saunders 
G. S. Russell W. H. Wisely 


PUBLICITY AND ATTENDANCE COMMITTEE 


The function of this committee is to prepare publicity releases in connection with the 
Annual Meetings of the Federation and to direct the distribution of such material. 
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L. H. Enslow, Chairman 


M. M. Cohn W. A. Hardenbergh 


SUMMARY OF MEMBERSHIP 
(As at December 31, 1948) 


Federation Members 


Associate Members. . . . 
Member Associations. . 

Active Members........... 
Alternate Active Members. . . 
Corporate Members............ 


Net Membership of Member Associations * 


| 


ornate } 
Member Association Active Alternate 


Active | 
Argentina. 
Arizona. . 37 5 
Arkansas. 34 
California. . ; 349 
Canadian Inst. : 357 - 
Central States. 526 12 
Dakota...... : 45 
Federal. . 136 — 
Florida. 99 
Georgia . 66 
lowa....... 73 
ISE (Eng.). . 36 | 
ISP (Eng.). 206 
Kansas... ... 37 — 
Kentucky-Tennessee 115 | | 4 
Maryland-Delaware. . 48 
Michigan.......... 199 6 | 2 
Missouri. . | 60 — 
Montana F | 41 -- 5 
New England 1 
New Jersey... 132 | — _ 
New York. 576 | 4 

Oklahoma. . 
Pacific Northwest 171 — 
Pennsylvania. . . 397 19 
Puerto Rico... . - 1 
Rocky Mountain a 64 | oe | 1 
Switzerland... . | 13 | - — 
Texas..... 137 | — — 
Virginia | 92 | 6 
West Virginia 


Corporate 
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Totals... 


* Not including Dual Members. 


9 
74 
34 
4826 
11 
66 
| 
P Potal 
42 
34 
357 
538 
| 45 ey 
| 136 
| 99 
66 
73 
36 
206 
37 
119 
48 
207 
60 
46 
253 
132 
586 
86 
| 241 
33 
| 171 
416 
28 
65 
13 
5 | 137 
| 98 
| 135 
| | | 


Directory of Members 


MEMBER ASSOCIATIONS 


Alabama Water and Sewage Association (Affiliated 1948). 
Territory: State of Alabama. 
President: Tom Collins; Vice-President: G. H. Godwin; Director: R. C. Barton 
Treasurer: G. H. Dunstan; Secretary: Alex. O. Taylor, ¢/o Alabama Polytechnic 
Inst., Auburn, Ala. 


Argentina Society of Engineers, Sanitary Engineering Division (Affiliated 1936). 
Territory: Republic of Argentina. 
FSWA Contact Member: FE. B. Besselievre, c/o The Dorr Co., Ine., 570 Lexington 
Ave., New York, N. Y. 


Arizona Sewage and Water Works Association—Sewage Works Section (Affiliated 
1928). 
Territory: State of Arizona. 
President: J. W. Rauscher; First Vice-President: A. A. Frederickson; Second Vice- 
President: George W. Marx; Director: R. T. Gardner; Secretary-Treasurer: Mrs. 
Helen Rotthaus, ¢/o Sanitary Engineering Div., Arizona State Dept. of Health, 
State Capitol Bldg., Phoenix, Arizona. 


Arkansas Water and Sewage Conference—-Sewage Works Section (Affiliated 1946). 
Territory: State of Arkansas. 
Chairman: Solon Sanderson; Vice-Chairman: Fay Peer; Director: F. L. McDonald; 
Secretary-Treasurer: Harrison Hale, 118 Chemistry Bldg., Favetteville, Ark. 


California Sewage Works Association (Affiliated 192s). 
Territory: State of California. 
President: Ray L. Derby; First Vice-President: R. R. Ribal; Second Vice-President: 
F. G. Nelson; Director: R. D. Pomeroy; Secretary-Treasurer: Lawrence H. Cook, 
P. O. Box 696, Menlo Park, Calif. 


Canadian Institute on Sewage and Sanitation (Affiliated 1933). 
Territory: Dominion of Canada. 
President: T. M. 8. Kingston; Vice-President: L. G. MeNeice; Director: R. J. 
Desmarais; Secretary-Treasurer: A. ki. Berry, Ontario Dept. of Health, Sanitary 
Engineering Div., Toronto 8, Ontario, Canada. 


Central States Sewage Works Association (Affiliated 192s). 
Territory: States of Illinois, Indiana, Wisconsin, and Minnesota. 
President: C. B. Carpenter; First Vice-President: L.S. Kraus; Second Vice-President: 
H. T. Rudgal; Third Vice-President: M. L. Robins; Director: G. W. Martin; 
Secretary-Treasurer: Paul W. Reed, 1098 W. Michigan St., Indianapolis 7, Ind. 


Dakota Water and Sewage Works Conference—-Sewage Works Sections (Affiliated 
1936). 
North Dakota Section 
Territory: State of North Dakota. 
President: G. J. Toman; Vice-President: A. F. Hulteng; Director: Roy G. Spieker; 
Secretary-Treasurer: Jerome H. Svore, ¢/o State Dept. of Health, Bismarck, N. Dak. 
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South Dakota Section 


Territory: State of South Dakota. 

President: R. E. Bragstad; Vice-President: C. B. Madison; Director: Roy G. Spieker, 
Secretary-Treasurer: W. W. Towne, Div. of San. Eng., State Board of Health, 
Pierre, S. Dak. 


Federal Sewage Research Association (Affiliated 1930). 
Territory: Federal employees wherever stationed. 
President: R. N. Clark; Vice-President: E. L. Ferguson; Director: L. M. Fisher: 
Secretary-Treasurer: Ralph C. Graber, U. 8. Public Health Serv., Social Security 
Bldg., 4th & Independence, Washington, D. C. 


Florida Sewage Works Association (Affiliated 1941). 
Territory: State of Florida. 

President: J. R. Hoy; Vice-President: S. K. Keller; Director: B. F. Borden; Secre- 
tary-Treasurer: Perry M. Teeple, Florida State Board of Health, P. O. Box 210, 
Jacksonville, Fla. 


Georgia Water and Sewage Association (Affiliated 1936). 
Territory: State of Georgia. 
President: D. H. Hurst; First Vice-President: Clyde Angle; Second Vice-President: 
Van P. Enloe; Director: G. R. Frith; Secretary-Treasurer: L. E. Waller, Rte. 12, 
Box 264, Atlanta, Ga. 


Iowa Sewage Works Association (Afliliated 1928). 
Territory: State of Iowa. 
President: Lloyd Heller; Vice-President: Paul Bolton; Director: John L. Strelow; 
Secretary-Treasurer: Leo Holtkamp, E. Ohio St., Webster City, Lowa. 


Institution of Sanitary Engineers—England (Affiliated 1932). 

Territory: British Empire. ' 
President: G. Lloyd Ackers; Director: Gordon 8. MeDonald; Secretary: Earnest 
Balsom, 8 Cotswold Rd., Belmont, Surrey, England. 


Institute of Sewage Purification—England (Affiliated 1932). 
Territory: British Empire. 

President: ¥. T. Hambleton; Director: W. F. Freeborn; Federation Contact Mem- 
ber: J. H. Garner, 28 Aberford Road, Wakefield, Yorks., England. 


Kansas Sewage Works Association (Affiliated 1935). 
Territory: State of Kansas. 
Chairman: M. K. Nelson; Vice-Chairman: L. T. Hagadorn; Director: ki. F. 
Miltner; Secretary-Treasurer: James B. Arbuthnot, c/o State Board of Health, 
Marvin Hall, University of Kansas, Lawrence, Kan. 


Kentucky-Tennessee Industrial Wastes and Sewage Works Association (Affiliated 
1946). 

Territory: States of Kentucky and Tennessee. 

Chairman: Grant 8. Bell; Vice-Chairman: 8. Leary Jones; Director: James Ellis; 

Secretary-Treasurer: R. P. Farrell, 420 Sixth Ave., N., Nashville 3, Tenn. 


Maryland-Delaware Water and Sewerage Association—Sewage Works Section (A ffili- 
ated 1928). 

Territory: States of Maryland and Delaware. 

President: R. C. Willson; First Vice-President: A. A. Bailey; Second Vice-President: 
R. E. Fuhrman; Director: C. E. Keefer; Secretary-Treasurer: Miss E. V. Gipe, ¢,'o 
State Dept. of Health, 2411 N. Charles St., Baltimore 18, Md. 
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Michigan Sewage Works Association (Affiliated 1930). 
Territory: State of Michigan. 
President: A. T. Kunze; Vice-President: Leonard Hillis; Director: W. F. Shephard; 
Secretary-Treasurer: D. M. Pierce, Michigan Dept. of Health, Room 334, Adminis- 
tration Bldg., Lansing 4, Mich. 


Missouri Water and Sewerage Conference—Sewage Works Section (Affiliated 1929). 
Territory: State of Missouri. 
Chairman: P. E. Gamet; Vice-Chairman: H. O. Hartung; Director: A. H. Wymore; 
Secretary-Treasurer: Warren Kramer, c/o State Office Bldg., Jefferson City, Mo. 


Montana Sewage Works Association (Affiliated 1944). 
Territory: State of Montana. 
Chairman: F. F, Palmer; Vice-Chairman: Chester Eyer; Director: K. L. Chrysler; 
Secretary-Treasurer: H. B. Foote, Div. of Sanitary Engineering, State Board of 
Health, Helena, Montana. 


New England Sewage Works Association (Affiliated 1929). 
Territory: States of Maine, New Hampshire, Vermont, Massachusetts, Connecticut 
and Rhode Island. 
President: Walter H. Brown; First Vice-President: Ralph W. Horne; Second Vice- 
President: William S. Wise; Director: F. L. Flood; Secretary-Treasurer: Walter E. 
Merrill, c/o State Dept. of Health, 511A State House, Boston, Mass. 


New Jersey Sewage Works Association (Affiliated 1942). 
Territory: State of New Jersey. 
President: Leslie West; First Vice-President: John Struss; Second Vice-President: 
Sol Seid; Director: L. J. Fontenelli; Secretary-Treasurer: Michael 8. Kachorsky, 
P. O. Box 283, Manville, N. J. 


New York State Sewage Works Association (Affiliated 1930). 
Territory: State of New York. 
President: Paul E. Bardet; Vice-President: John W. Johnson; Director: G. E. 
Symons; Secretary: Ralph C. Sweeney, State Dept. of Health, 19 E. Main St., 
Rochester 4, N. Y.; Treasurer: J. C. Brigham. 


North Carolina Sewage Works Association (Affiliated 1929). 
Territory: State of North Carolina. 
Chairman: R. W. Luther; Vice-Chairman: IE. R. Tull; Director: George S. Rawlins: 
Secretary-Treasurer: FE. C. Hubbard, c/o State Board of Health, Raleigh, N. C. 


Ohio Sewage and Industrial Wastes Treatment Conference (Affiliated 1932). 
Territory: State of Ohio. 
Chairman: E. F. Wittmer; Vice-Chairman: Robert Bowman; Director: A. H. Niles; 
Secretary-Treasurer: G. A. Hall, 302 Depts. of State Bldg., Columbus, Ohio. 


Oklahoma Water and Sewage Conference—Sewage Works Section (Affiliated 1929). 
Territory: State of Oklahoma. 
President: C. E. Moutrey; Vice-President: Earl Wittmer; Director: Frank S. Tay- 
lor; Secretary-Treasurer: H. J. Darcey, State Dept. of Health, Oklahoma City 5, 
Okla. 


Pacific Northwest Sewage Works Association (Affiliated 1933). 
Territory: States of Washington, Oregon, and Idaho. 
President: K. H. Spies; First Vice-President: Emil C. Jensen; Second Vice-President: 
W. P. McNamara; Director: C. M. Howard; Secretary-Treasurer: W. P. Hughes, City 
Engineer’s Office, City Hall, Lewiston, Idaho. 
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Pennsylvania Sewage and Industrial Wastes Association (Affiliated 1928). 
Territory: State of Pennsylvania. 
President: C. H. Young; First Vice-President: E, T. Roetman; Second Vice-Presi- 
dent: John Campbell; Director: L. D. Matter; Secretary-Treasurer: B. S. Bush, ¢/o 
Pennsylvania Dept. of Health, Kirby Health Center, Wilkes-Barre, Pa. 


Puerto Rico Water and Sewage Works Association (Affiliated 1947). 
Territory: Puerto Rico. 
President: Luis Ramos; Director: Alberto Hernandez; Secretary-Treasurer: Manuel 
Vinas-Sorba, 1555 Francia St., Santurce, Puerto Rico. 


Rocky Mountain Sewage Works Association (Affiliated 1936). 
Territory: States of Wyoming, Colorado, and New Mexico. 
President: C. G. Caldwell; Vice-President: C. M. Bennett; Director: L. O. Williams; 
Secretary-Treasurer: Carroll H. Coberly, Room 329, 1441 Welton St., Denver 2, 
Colo. 


Swiss Association of Water and Sewage Professionals (Affiliated 1947). 
Territory: Switzerland. 
President: A. Kropf; Vice-President: H. Bachoffner; Director: Walter Dardel; 
FSWA Contact Member: Walter Dardel, Aarberg (Berne), Switzerland. 


Texas Water and Sewage Works Association—Sewage Works Section (Affiliated 192s). 
Territory: State of Texas. 
Chairman: J. B. Burden; Vice-Chairman: I. M. Digtz; Director: J. H. Sorrels; 
Secretary-Treasurer: V. M. Ehlers, 501 W. 33rd St., Austin, Tex.; Assistant Secre- 
tary-Treasurer: Mrs. H. Goodwin. 


Virginia Industrial Wastes and Sewage Works Association (Affiliated 1947). 
Territory: State of Virginia. 
President: B. W. Strother; Vice-President: J. A. Rives; Director: L. L. Hedgepeth; 
Secretary-Treasurer: A. H. Paessler, State Water Control Board, 815 East Franklin 
St., Richmond 19, Va. 


West Virginia Sewage and Industrial Wastes Association (Affiliated 1947). 
President: J. E.. Settle; First Vice-President: Edw. Schroyer; Second Vice-President: 
D. V. Moses; Director: K. 8. Watson; Secretary-Treasurer: R. G. McCall, State 
Dept. of Health, Room 643, State Capitol, Charleston 5, W. Va. 
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HONORARY MEMBERS 


Bugbee, Julius W. (1942), 290 Mas- | Hyde, Charles Gilman (1943), Cons Orchard, William J. (1946), Gen 
sachusetts Ave., Providence, R. I Engr 2599 Buena Vista Way, Mer., Wallace & Tiernan Co. 
Berkel ey 8, Calif. Newark, N. J 
Emerson, Charles A. (1941), Havens Mohlman, Dr. Floyd W. (1944), 
& E merson, Woolworth Bldg., New Dir., Div of Lab., Chicago San. 
York 7, N. Y. a S. Michigan Ave., Chi gan Ave., Chicago, Il. 


Gilcreas, W Wellington (1948), | Moses, Howard E. (1943), Chief  Rudolfs, Dr. Willem (1945), ¢ *hmn 3 
Asst. Dir., Div. of Labs. & Res., Se Engr., Pa. Dept. of Health, Dept. of Sanitation, Agric ultural 
State Dept. of Health, New Scot 7 N. Second St., Harrisburg, Experiment Station, Short Course 
land Ave., Albany 1, N. Y. Q Bl dg.. New Brunswick, N. J 


ASSOCIATE MEMBERS 


Albert Pi ‘ipe Supply Co., Inc Berry | Dorr Co., Inc., 570 Lexington Ave Limestone Products Corp. of Amer 
" 3th St., Brooklyn 11, N. Y., New York, N. Y. ica, Newton, N. J., Rep. Peter 

j J. Do rty. : . : J. Kelley, Service Rep 
um Co. of merica, 2 Corp., Tl. Link-Belt C 2045 W. 
Bidg., Pittsburgh, Pa., Rep. Park Ave., Philadelphia, Pa., Rep 

Bra o, aterbury, St. ‘New Vouk. I Pipe Co., East Orange, 


Everson Mfg. Co., 214 W. Huro } > 
ast Iron Pipe Cx I Lynchburg Foundry Co., Lynchburg, 
Ala., Rep. E. L. Gild St, Chicag ( » Rep. R. B Va., Rep. W. Ray Odor 
Everson, Pres 
Fairbanks, Mi se & Co., 80 Broad Mathieson Alkali Works, Inc., 60 
St.. ’ Y Rep E. 42nd St., New York 17, N. Y., 
an Concrete ) *harl . Mer Rep. J. O. Logan. 
N. LaSalle St., Suite i Sales. ine Safety Appliances Co., Brad 
cago 1, Rep. | Flexible uipment Thomas & Meade Sts., Pitts 
Peckw rth, Managing Dir 5( nice Blvd.. s Angeles. urgh, Pa., Rep. N. R. Chilling 
Aurora. ll “alif., p. Peter iacco, Mer worth, Sales Statistical Dept. 
| Mueller Co., 512 W. Cerro Gordo 
ssn.. Mid- | Gale il Separator St., Decatur, Ill 
A Gel hle, National Water Main Cleaning C 
1005 tl neral Chemic: 0., 3 it 30 Church St., New 
4, Min face, Hl, Ke] Rep. J. A. Frank, 
gr 

Nichols Engineering & Research 
Corp., 60 Wall Tower, New York, 
N. Y., Rep. R. W. Rowen, Vice 


Pres 


Omega Machine Co., 9 Codding St., 
& Machine ks., | Providence, R. I. 
| S. Broad Green Bay 
'is., Rey North, Pre Pacifie Flush Tank Co, 4241 Ra 
sranc l erminal, ‘ 
Gruendler Crush Pulverizer Co. venswood Ave., Chicago, Ill., Rep 
York, N. Y. I sts 2015 N rket St St Louis, | L. E. Rein, Pres 
Mo., ~~ liam P. Gruendler, | Pennsylvania Salt Mfg. Co. 152 
Sec.-Trea | Market St., Paterson, N. J., Rep 
ge Pittsburgh-Des Moines Co., Nevill 
Island Branch, Pittsbur Pa 
O'Leary 
-quitable Meter Co, 400 
Pittsburgh 
Weimer 
Pittsburgh Pipe Cleaner Co. of New 
York, 3004 Woolworth Bidg.. New 
York 7. N. Y., Rep. Kyle I. Rob 
inson, Pres 
Proportio yneers, Inc., P. O. Box 1442, 
Doucette, er ile | Vice-Pre 
for Ce | Public Works Magazine, 
Jeffrey Miz. Co. = St., New York, N. ¥ 


Quigley Co., Inc., 527 Fifth Ave 
New York 17, N. Y¥ 


Royer F mut idry & Machine Co., 158 
Pring Kingston, Pa., Rep 
Pres. & Gen. Mer. 
Koppers | ) ith 
Westfield. N Sewage Works 
Thornhill 40th St., New 
607 Karl M. Mann 
rust Bld Kansas Lakeside Engineering Corp.. 222 | Simplex Valve & Meter Co., 68th 
Rep. A G Frerking,’ W. Adams St., Chicago, Ill Upland Sts.. Philadelphia, Pa. 
e-Pres. & Sales Mgr. R. O. Friend | Rep. Everett M. Jones, Sales Mgr. 
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West, Mer. Johns-Manville Corp., 22 E. 40th 
Cloroben Corp., 15 Exchange St., New York. N. Y.. Rep. R. | 
cae lersey City 2. N. J | F. Orth. Mer Transite Pipe Dept 
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Smith Mig. Co. A. P., 545 N.! Walker Process Equipment, Inc., ,; Wood Co, R. D., Public Ledger 
Arlington Ave., East Orange, mm 3 33 Hoyt Place, Aurora, Ill, Rep. Bidg., Independence Sq., Vhiladel- 
Rep. W. P. Baerenrodt, Treas. J. D. Walker, Pres. phia 5, Pa. 


ate & Foundry | wattace & Tiernan Co., Inc., 11 Worthington Pump & Machinery 
any ane | Mill St., Belleville, N. J., Rep Corp., Harrison, N. J. 
ae Recovery Systems Co., 2820 | B. M. Lindsay 
North Alameda St., Compton, Yeomans Bros. Co., 1433 Dayton 
Calif., Rep. Frank V. Long, Sr., | Ws ae & Sewage Works, 155 FE. 44th St., Chicago, Tll., Rep. Charles 
Pres . New York, N. Y. Yeomans, Pres. & Treas. 


CONSOLIDATED MEMBERSHIP DIRECTORY * 


Abbott, W. E., Chem., Sew. Disp. Adinoff, Joseph, Chem. Engr., Eng Alford, E. C., Opr., Jefferson Co 
Dept., 36 Patterdale Rd., Wood- Dept., Parke-Davis Co., 3240 Sew. Pit., 1401 Thomason Ave., 
thorpe, Nottingham, Eng. (ISP) Rochester Ave., Detroit 6, Mich Birmingham 7, Ala. (Ala.) 

Abington Twp. Public Works Dept., | ( Mich.) \likonis, J. J., Chem., Blooming- 
Att: Oliver L. King, Twp. Engr., | Adkins, W. W., Chem. me. Water N al San. Dist., West 
Abington, Pa. (Corp., Pa.) | Lept., Asheboro, N. C. (NC akland Bloomington, Ii! 

Abplanalp, C. C., Dist. Mgr., Wal- | Aeryns, Albert N., ~ihy Engr., City (Cen. 
lace rt Tiernan Co., 1229 W. Dept. of Health, 716 Greenwood Alk, Lewis C., Civil Engr., J. B. 

Washington Blvd., Chicago 7, Ill. | Ave., Brooklyn, N. Y. (N.Y.) Clow & Son, 6124 N. Washtenaw 

(Cen. St.) Agar, Charles C., Sr. San. Engr Chicago 45, Ill. (Cen. St.) 

Acevedo-Quintana, F., San. Engr., State Dept. of Health, State Of Allegheny Co. San. Authority, Att 
Instituto Nacional de Obras Sani- fice Bldg., Albany 1, N. ¥. (N.Y) . F. Laboon, 502 City County 
tarias, Caracas, Venezuela (P.R.) | Agee, G. Worthen, Pres., Barrow 3ldg., Pittsburgh 19, Pa. (Corp., 

Acri, L. P., Dundas Const., Ltd., Agee Labs., Inc., 121-123 S. Front Pa.) 

28 Grove Ave., Toronto 3, On St. P.O. Box 156, Memphis, Allen, F. W., Supt., Hacken Sew 
tario, Can. (Can.) Tenn. (Ken.-Tenn.) Wks., Great Lever, Bolton, Lan- 
Adair, Duncan L., Village Engr., | Agnano, Paul, Prin. Asst. San. Engr cashire, Eng. (ISP) 

Bldg., Sidney, N. Y. (KR), US PHS, Water Works Park, Allen & Hoshall, Att: Robt. H. 

N.Y Filtration Plant, Detroit 14, Mich Hoshal!l, 65 McCall Pl., Memphis, 
Adams Archie C., Dist. Engr., Wal- (Fed.) Tenn. (Corp., Ky.-Tenn.) 

lace & Tiernan Co., 2523 Sunrise | Agostinelli, Anthony J., Plt. Opr Allen, James H., Engr., Interstate 

Ave., Roanoke, Va. (W. Va.) 38 Holden St., Charlotte Sta Comm. on the Delaware River 
Adams, Charles F., Sew. Supt., R. R. Rochester, N. Y. (N.Y.) Basin, 581 Broad St., Sta. Bldg.. 

No. 1, Duncansville, Pa. (Pa.) AhIm, Carl E., Assoc. Production Philadelphia, Pa. ¢Pa.) 
Adams, Charles L., 3721 Burling’ Mer., Sorg Paper Co., Middletown Allen, T. E., Mgr., Indio San. Dist., 
Mave, Brookpeld,’ (Cen, St). | Ohio’ (Ohio) 

Ahrens, G. C., Dist. Health Engr., (Calif.) 

St. Dept. of Health, Dist. No. 9 Mllen, W. A., 35 Credon Rd., Plais 
307, New Niuean, Ind (Cen. SL) 1947 Sunnyside Ave., Burlington. tow, London E. 13, Eng. (ISP) 

‘ Ja. (Ta.) Allen, William A., Supt., Sew. Wks., 

| Ake, Sam, Chief Opr., Sew. Tr. Pit City Hall, Pasadena, Calif. (Calif.) 
) 501. Broadway, Bedford, Ohio Allin, Claud R., Supt., Buena Park 
(Ohio) San. Dist., 113 W. Ninth St., 
dams, Frank, Opr., Sew r Albers, J. C., City E & Stree Buena Park, Calif. (Calif.) 

2106 5 s, J. U., y ngr. Street 2 

en. Howard St, Glen- | Allis-Chalmers Mfg. Co., Att: Grant 

: dale, Calif. (Calif.) M. Hinkamp, Rep., Industrial 
Albertson, J. G., Cons. Engr., Bowe 1, Wis. 

dianapolis, Ind. (Cen. St.) York 7, N. Y. (N.Y.) Allison, S. L., Supt., Sew Tr. Pit., 

“Hydraulics easholme 3234 S. Alameda, Corpus Christi, 

holme | Albrecht, Robert H., Supt., Public a, Corpus Christi 
Works, Hamilton, N. Y. (N.Y.) Allison, W. J. Supt. Pub, Util 

Adams, J. J., Field Service Engr., hit, WC SUDE., 
Hdgqrs. 6th Army, 12 Fremont Rd., | Engr. Williams, Ta. (Ia.) 

San Rafael, Calif. (Calif.) | Alloway, D. L., Chief Engr., Attica 
Commerce St., San Antonio 5, Tex. Pri o oH Blvd. | Atticz 
Adams, J. K., Supt., Sew. Tr. Pit., NY (NY) mat 

10 Knoll Rd., Tenafly, N 


Adams, George R., Supt., Sew. Tr. 
Pit., 2802 N. Dearborn St., In 


( Tex.) 
Alden, John W., 2708 Creston 7p 
(N.J.) vet American Viscose Corp., 1617 Penn- 
Wilmington, Del. (Md.-Del.) sylvania Blvd., Philadelphia 3, Pa. 
“hi Alderman, Frank E., Chief San (Corp., Pa.) 
Engr., Holmes & Narver, 824 S American Viscose Corp., Att: LeRoy 
Figueroa _ St., Los Angeles 4, H. Smith, Plt. Mgr., Roanoke, 


Adams, John M., Engr., Fed. Wks 


Adams, Milton if , Sec., Michigan Calif. (Calif.) Va. (Corp., Va.) 
Stream Control Comm., P. O. Box | 
Aldred, H., Supt., Sew. Tr. Pit., 53 Ames, City of, c/o Charles Alex 
87, Lansing 1, Mich. (Mich.) Poyser Rd., Nuneaton, Warwick- ander, Supt. of Util., Ames, la 
Adams, Robert” R., Head, Chem shire, Eng. (ISP) (Ia.) 

Co, Green- | Ellwood H., Cons. Engr., | Amramy, Aaron, Yahalom St., Ra 
Region 2, Fed. Wks. Agency, 66 mat-Gan, Palestine (Cen. St.) 
om nes ay — Dept., Milton Rd., Rye, N. Y. (N.Y.) Anaya, Marvin, San. Eng. Designer, 

Aldrich, Lloyd, City Engr., Rm. y Engineer’s Office, 367 City 
Adamson, L. M., Staff Megr., Tran- | 600, City H: - Los Angeles 12, all, San Francisco 8, Calif. 
site Pipe Section, Canadian Johns- | Calif. (Calif. ‘ali 
Manville Co, 199 8 Alexander, Y., Opr., Sew. Tr. Andersen, C. George, Sales Engr., 
Pit., 300 Monmouth Ave., Dur- 66 Sherman Ave., Rockville Cen 
Adcock, Horton C., Opr., Sew. Tr. ham, N. C. (N.C tre, N. Y. (N.Y.) 
27 Cli Ne a- 
w Ha- | Alexander, Louis Chief Engr.. Anderson, A. C., Engr. in Chg. Ref- 
‘ 8 Southern Calif. Water Co., 1206 use Disp. & Garages, Dept. of 
Adcock, Robert W., Adc am Water Maple Ave., Los Angeles 15, Calif Street Cleaning, 90 Albert St., To 
Co., Salinas, Calif. (Calif (Calif.) ronto, Ont., Can. (Can.) 


* Member Association affiliation shown in parenthesis. 
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O. Box 1244, | Arbogast, -_ hur 
f. (Calif.) | bustion, ymbu 
gr.. Tisdale Twp., lehem Steel ( 
(Pa.) Ashdown, Walter L., Supt., Sew. Tr. 
Pi N 


! O. Box 158, Chicago 
E rth St., Naper- sights, Tl 
n. 


Ashby, E. Hamilton, Cons. Engr., 
Georgia House, 139 Sloane St., 
London, S. W.1, Eng. (ISE) 


(Cen. St.) 

Ashley, John H., Ind. Wastes E ngr., 
Tech. Supt., ; ( Maint. & San., 273 
Corp., Nitro, 7 i Los Angeles 41, 
(Calif.) 
Frank C., Comm. of Wks 
y Engr., City Hall, Ottawa, 


Arbuthnot, James B., San. Engr. & 
| Deputy ( _ Missions, World 
smith Detroit Health Organization, c/o U. Can. (Can.) 
Consul, Addis Ababa, Ethiopia \slamidis, A., Cons. Engr., 20 Clyde 
(Kan.) ee Rd., Alexandra Palace, Westmins 
Archer, E. T., Cons. Engr., E ter N. 22, London, Eng. (ISE) 
her \therton, Frederick B., City Hall, 
705 alnut St., Joyal Ox Mi (New Eng 
E.. S E Pittsbure Atkins, H., San. Engr., U. S 
ales ngt., k are ublic Health Serv., 2200’ Fidelity 
er I Rockwell sidg., 911 Walnut St., Kansas City 
3 Beacon St Boston, 6, (Fed.) 


r, Wilson & 
Champaign, 


Ex Fed Atkinson, V. E., Sew. Supt., 105 W. 
Jaun Linn, Victoria, Tex. (Tex.) 
mo Ave 
(Fed.) Attapulgus Clay Co., Att: Harold A. 
rhornton, Rep., 210 W. W: ishing 
irtner, Gore ton Sq., Philadel phia 5, Pa. (Corp., 
E., Dist. Chem ‘oront Pa.) 
, Dahringer P.O. Bor Attwell, Walter G., Cons 
S 1a County San. Dept., 
(Corp., Ariz Humboldt St., Santa Rosa, Calif. 
nar "irae t ion Att: Clar (Calif.) 
(W. Va.) ence A. Sugys, Pres. 43 West Jef- | auld, Robert, Civ. Engr., 2015 
Sew Tr woenix, Ariz. (Corp Angeles St., Santurce 
ing Auld, William, Councilman, Midd’e 
a ustin, Partner, Austin Elec 
Armitage, D., Sew. Wks Deighton 


Hu ders field, Yorkshire, Er 0., W d St., Charlotte, 


Los 
Puerto Rico 


1 , T. E., Partner, Austin Ele 


Fidel x 326, Charlotte, N 
sldg., 
Kansas % ity 


Builder 
Bidg., 
Wa ish. ( ac. N.W.) 
Avery, James, City Foreman, City 
Yards, Victoria St., N. Bay, Ont., 
Can. (Can.) 
Avery, Major N. C., Supvr., Plt. & 
Maint., Southbury Training School, 
G suthbury, nn. (New Eng.) 
ng, arles , Engr., bbs 
H tf , Earl j., ©. Park Dr., Ra- 
sing leigh, N. C. (N.J 


William, 


Ayers, Lewis S., San 
Penitentiary, R 
Supt., y sew. 
O. Box , Glasgow, burg, I (Pa.) 
Mont. (Mont.) 
t Earl H., San. Engr., it 
of Health, Bismarck, N es 
Dak.) 
Di Babcock, B. F. P 14 Wilton Cres 
— cent, Wimbledon, yndon, S. W. 
19, Eng. (ISP) 
Supt., y Sew 
Mont OM mnt.) | Ba at. John E., Dist. Er Pacitic 
ite Flush Tank Co., 404 Hildel yrandt 
Bidg., Jac ksonville 2, Fla. (Fla.) 
Ba seine. Frank, Mgr., Water Tr. 
Div., The Dorr Co., 1321 Notting- 
ham Ave., Rt. No. 6, Orlando, Fla 
W sackherms, A. B., Prin. Engr., 3438 
) Sherel Circl Cincinnati 9, Ohio 


ban A, 


henbrenner, Paul F., San 
Asst. Sew. Maint 325 ‘ongress St., Rantoul } lond, in , ner, Wilbur 
123rd St I ‘en. St fatsor ) Prospect 
(Calif 1 land 3, oho (Ohio) 
Opr P., Supt., Sew 
6, Marion, Ind 


n oat id 
Twi f rior, 8406 Galveston Rd., Sil\ Pit... R. No 
\ (Fed.) t 


Anderson, Alva L., 
Palm Springs, ¢ 
Anderson, C. S., I 
Anderson, C. W 
Agency, 310 W 
Kansas City 2, Mo. (Fed 
nderson ‘arl M: ice Arbuc le, aul 
Andersmniles: Cons.’ Ener,” 308 Me. | American Viscose 
a Arthur Ave. I K W. Va. (W. Va : 
(Ky.-Tenn.) 
Anderson, | J 
Ree Pump Co., 14 
2, Mich. (M 
Anderson, E. M 
Anderson, 
Ill. (Cen. St.) 
Anderson, Geo. I 
nex Bldg., He 
Anders Nort 
Los Angeles 
1206 Maple 
Los Angeles 15 5 
Anderson, Norval 
a Pit. Design, San. I 
910 S. Michigan 
Il, (Cen. St.) 
Anderson, Raymond 
ist, N. Shore Sar 
Rd., Waukegan, I 
Anderson, Robert |} 
J. E. Settle, ¢ 
1047, Charlestor 
Pit., 1433 Sevent 
Heights, Mich. (M 
strong, Anderson & 
tor W Toronto 
(Can 
Andersor Stuart H Examining 
Engr., Federal Wks. Agency, 1614 rmour 
17th S. E., Washington Wks. Agency, 7 
and Vi Mo 
Andersor re Supt sew r 
Pit., 18 rinity, “Detroit 19, | Atmou 
Anderson, Walter C., Chem. 155 ing 
; Liberty St., Brockton 5, Mas Pa 5 
(New Eng.) 
ig Anderson, Wendell D Eng. Rey Bart ee 
= $76 Ist Nat'l. Bank Bldg, At (Ca ¢ 
4 lanta > Ga (Ga ) Armstr 5 
: Andre Henry P., Supt. of Sew & H : 
532 E. Harrison St., Long Beac! N. JUN 
N.Y N.Y.) Armstrong, Paul S., Engr., 91 Ayers, Frank E., City I 
Andrews. Gen. Supt.. Pa Porter St., Easton, Pa. (Pa.) Hall, Donald  St., 
Glass Sand Corp., 121 W. Shirley | Armstrong, T., § Wks., Mable Ont., Can. (Can.) 
St., Mt. Union, Pa. (Pa.) 
Andrews, R. Sew. Engr., 2540 A 
Wabash, Ft. Worth, Tex. (Tex.) 
va Angas, Robert M., C Civ. Engr., * 
tee P, O. Box 8, Jacksonville, Fla A & 
Fla.) 
Angell, J. M., Jr., Eastern Mer., G 
ette Publishing Co., 155 E. 44th 
St., New York, N.Y. (N.Y.) 
5 ae Antr R. T., Field Engr., Pacit 4 
Coast Clay Products Inst 7 
hee Ninth & Hill Bldg., Los Angele : 
15, Calif. (Calif \ 
fe Apgar, Leslie M., Opr. & Engr 
sew Ir. Pit., Main (Rt 32) \ 
Bedminster, N. J. (N.J.) } 
1a Apostol, Louis T., Sales Engr., Lex- | 
ington Elec Products Co., Inc., 
27-G_ Riverview Garder Nortl 
Appe 
Applegate, Wm ; 
Tr. Pit., Bd 
wed Neptune, Neptune, N 
— 
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Bacon, Vinton W., 
Orange County Sew. Survey, 811 
S. W. 15th St., Santa Ana, Calif. 
(Calif.) 

Badger, Irvin S., Engr., Metro. Pav- 
ing Brick Co., 742 Ostrom Ave., 
Syracuse, N. Y. (N.Y.) 

Baer, Arlie, Supt., Mun. Water Dept., 
Lawrenceburg, Ind. (Cen. St.) 
Baerenrodt, W. P., Tesss., 
Manufacturing Co., A. P., 5 N. 
Arlington Ave., Ez ast J. 

( Assoc.) 
Baetz, C. O., 
Rt. 4, Box 28, 

(Cen. St.) 

Baffia, John J.. San. & Hydraulic 
Engr., T 75 West St., 
New York 6, N. Y. (N.Y.) 

Bahr, Raymond F., 41 Greenway St., 
Hamden, Conn. (New Eng.) 
Bailey, F.. The Laurels, Summers 
Lane, Finchley, London, N. 12, 

Eng. (ISP) 

Bailey, H. M., City Engr., 
Saskatchewan, Can. (Can 

Bailey, Howard E., Cons. 
Beacon St., Boston 8, 


Appleton, Wis. 


Yorkton, 
) 


Engr., 6 
Mass. (New 


J. Kenneth, San. 
APO | 309, 


Bailey, J. W., 
525 N 


Green, 


Opr.. Sew. Te: 
Summit  St., 
Ohio (Ohio) 
Bailey, Leonard C., City Engr., 
Hall Park, Knoxville, Tenn. 
Tenn.) 
Bailey, S. C 
Hospital, 


(Ky.- 

. Opr., Danville State 

Danville, Pa. (Pa.) 

Baillie, E. P., Chem., Sew. Tr. Pit., 
2700 Regent St., Madison 5, 
(Cen. St.) 

Bainbridge, David W., 
Montgomery Co., 
208 Yeakel Ave., 
(Pa.) 

Bair, Robt. H., 
Force, 1245 Westover Ave., Apt 

>, Norfolk, Va. (Va.) 

Baird, Charles O., Jr., Prof., Civ. 
Engr., Northeastern 
Huntington Ave., 
(New Eng.) 

E. M., Engr., 

Avalon Blvd., 

(Can.) 


Baird, Earle E., Cons. Engr., 117 E. 


Poinsettia Dr., Lakeland, Fila. 
(Fla.) 


Twp. 
Chestnut 


Boston 15, Mass 


Toronto 13, Ont., 


Baity, H. G., Prof. of San. & Mun. 
Eng., Univ. of N. C., Box 899, 
Chapel Hill, N. C. (N.C. 

Baker, C. V., Mgr., Elec. Chem. Co., 
2317 Rosewood Ave., Toledo, Ohio 
(Ohio) 

Baker, G. H., 
Willowdale, Ont., Can, (Can.) 

Baker, Hayward, 301 Palo ay Way, 
Menlo Park, Calif. (Calif. 

Baker, J. B., Prin. 
Health Dept., 
CW. Va.) 

Baker, Ralph H., Jr., San. 
‘la. State Bd. 

Jacksonville 1, Fila. 


State 
Charleston, W. Va. 


Engr 


Baker, Stanley L., Civ 
Eng. Dept., R. R. 3, 
Renton, Wash. (Pac. N.W.) 

Baker, W. E. Byron, Mer., 
Research, New York & 
Inc., Lock Haven, Pa. 


Engr., U. S. 


Paper 
(Pa.) 


Office Engr., | Baldinger, Fr., 


Supt., Sew. Tr. Plt., | 


| Ballard, W.T., 


Bowling | 


City | 


Wis. | 


Engr., | 
Hill, | 
Philadelphia, Pa. | 
San. Engr., U. S. Air | 


Univ., 360 | 


Scarboro Twp., | 


| Bardon, Edward F., Supt. 
Engr., N. Y¥. Twp., | 


of Health, P. O. | 


Box 4850K, | 
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Rohr 
Switzerland (Swiss.) 


of Aargau, im Quell 252, 


(Aargau), 
"e Harvey E., Asst. Engr., Al 
ight & Friel, Inc., 18 S. 50th 
Se Philadelphia, Pa. (Pa.) 
Bales, Randle W., Sales Mar., West- 
ern Chemical Co., 422 East Jeffer- 
son, Phoenix, Ariz. (Ariz.) 
Ball, O. V., Sr. San Engr., 
Dept. of Health, 
Toronto 9, Ont., Can. (Can.) 
Ball, William F., Engr.-Contractor, 
49 King St., E., Kitchener, Ont., 
Can. (Can.) 


Ontario 
27 Webb Ave., 


Dist. Engr., State 

of Health, P. O. Box 268, 
Tex. (Tex.) 

Robert R., Jr., Ind. Engr., 
DuPont de Nemours, Eng 
Dept., Wilmington, Del. (New 
Eng.; Dual—Pa.) 

Balsom, E. V., San. Engr., 
toria St., 
London, 


Dept. 

Tyler, 
Balmer, 

E. 


118 Vic- 

Eng. (ISE) 

Baltimore, City of, Bur. of Sews., 
Dept. of Public Wks., 312 Munic- 


ipal Office Bldg., Baltimore 2, Md. 
(Md.-Del.) 


tamford, J. 
ton, Wash. 


W. A., 


Water Supt., Day- 
N.W.) 
Bandy, 
acid Pl, Austin, Tex 
Banister, A. W., Cons. Engr., 
ter Eng. Co., 1549 University Ave., 
St. Paul 2, Minn. (Cen. St.) 
Banks, Civ. & 
byarold Conkling. 
, 1628 N._ Roosevelt 
Pasadena 7, Calif. (Calif.) 
Bankson, Ellis E., Cons. Engr., The 
Chester Engrs., 6562 Bartlett St., 
Pittsburgh, Pa. (Pa.) 


Banner, Joe E., 
amie, Wyo 
Burwell, 
Vash. (Pac. 
Barboza, Wen, Stationary 
Yountville Veterans’ Home, 
Silverado Trail, Napa, 
(Calif.) 
Barckhoff, F. S., Cons. Engr., 1556 
E. State St., Salem, Ohio (Ohio) 


Barclay, W. G., San. Engr., 
lisle,’’ 71 Wensleydale Rd., 
ton, Middlesex, Eng. (ISE) 

Bardes, Daniel, Opr., Sew. Tr. Pit., 
709 Oswego St., Liverpool, N. Y. 
(N.Y.) 

Bardet, Paul E., Sr. Engr., 
Jamaica Sew. Tr. , 75-27 183rd 
St., Flushing, N. (N.Y.) 


Cons. 
Ave., 


Cons. 
(Rocky Mtn.) 


City Engr., Tacoma, 


Calif. 


“Car- 
Hamp- 


of Plumb- 
ing, Voorheesville Army Depot, 19 
Hampton St., Albany, N.Y. 
(N.Y.) 


Barker, J. Conrad, Jr., Supt. of 
Sta., Lower Merion Twp., 
E. Lancaster Ave., Ardmore, 

Pa. (Pa.) 

i Stanley T., Chief, 
Sew. & Waste Disp., State Dept. 
of State Office Bldg., Al- 
bany 1, N. Y. (N.Y.) 


Barklage, : F., Sales Engr., Water 
& Sew. Tr. Equip., 423 S. 38th 
Ave., Omaha, Neb. (Ia.) 

Barlett, Max C., Gen. Mar., 
ville Util. Bd., 
Knoxville, Tenn. 
Tenn.) 


Knox- 


(Corp., Ky.- 


State Engr., Canton | Barlow, 


Westminster, S. W. 1, | 


Itinerant Instr., Ind. | 
y., Tex. A. & M. College, | 


Banis- | 


Hyd. | 


Engr., Lar- | 


Fireman, | 
6353 | 


Bur. of | 


626 South Gay St., | 
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Willis D., San. Engr., 

Havens & Emerson, 233 Broadway, 
(N.Y 

Barnes, Charles R., 
Third St., W. 
(Pa.) 

Barnes, Fred P., Supt., 
Lathrop, Mo. (Mo.) 

Barnes, Geo. E., Prof. 
Case Inst. of Tech., 
Ohio (Ohio) 

Barnes, Herschel E., Sew. Wks. Opr., 
Box 33, E. Prairie, Mo. (Mo.) 
Barnes, L. B., Supt., Sew. Tr. Wks., 
441 S. Prospect, Bowling Green, 

Ohio (Ohio) 
Barnett, G. R., Chem., San. Dist. of 
ago, 519 Commercial Bank 
, Peoria, Ill. (Cen. St.) 

Barney, J. W., City Mgr., 
boro, Ore. (Pac. NW.) 

Barnhart, Thomas F., Pa. Dept. of 
Health, Bur. of San. Eng., 415 
First Nat'l. Bank Bldz., 
burg, Pa. (Pa.) 

Barnhill, John T., Chem., Metcalf & 
Eddy, 179 Milton St., Wollaston, 
Mass. (New Eng.) 

Barnhill, Kenneth G., San. 
Ind. Sales Dept., 
229 78th st., 
Yo 


Draftsman, 534 
Fairview, Pa 


Sew. Wks., 


of Civ. Eng., 
Cleveland 6, 


Hills- 


Engr., 
Permutit Co. 
New York 24, 


A. R., Dist. Public Health 
Mo. State Bd. of Health, 

4, Fredericktown, Mo. ( Mo.) 

Barraclough, Donald H., Chief —_ 
Tr. Wks., Metro. W. S. & D. Bd. 
341 Pitt St.. Sydney, N. S. 
Australia (ISP) 

Barranger, Glynn D., 
P. O. Box 207, Marion, Va. (Va.) 

Barratt, E. F.. Town Engr., Weston, 
Ont., Can. (Can.) 

Barrett, Cecil H., Sr. 
Div. of Design, Dept. of Public 
Wks., 443 City-County Bidg., 
Pittsburgh 19, Pa. (Pa.) 

Barrett, J. O., Asst. Supt., Westerly 
Sew. Tr. Pit., 9309 Carton St., 
Cleveland, Ohio 

Barrett, Max L., Engr., Ind 
State Bd. of He a ‘1700 N. Har 
rison St., Ft. Wayne, Ind., (Cen 
St.) 


Dist 


Town Engr., 


Des. Engr., 


Barrett, William F., Engr., Fed. Wks 
Agency, 3455 S. Stafford St., Arl- 
ington, Va. (Fed.) 

Barrick, M. J., D 
Dept. of Heaith, 
Williamsport 6, Pa. 

tarry, Lester S., Elec. Engr., Gen- 
eral Elec. Co., 235 Montgomery 
St., San Francisco 6, Calif. (Calif.) 

Barry, W. Vincent, 200 Orange 
New Haven 10, Conn. (New Eng.) 

Barstow, E. D., Cons. San. Engr., 
Barstow & LeFeber, Inc., 31. N. 
Summit St., Akron 8, — (Ohio) 

Barthlow, C. L., City Foer 
St., Toppenish, Wak, 


Engr., Pa. 
24 First Ave., 
(Pa.) 


106 S. 
(Pac. 


Barton, R. C., San. Engr., 
County, 206 Courthouse, 
ham, Ala. (Ala.) 


Bashaw, G. B., G. B. Bashaw Co., 
1969 S. E. 25th Ave., Portland, 
Ore., (Pac. N.W.) 

Bassett, Robt 120 E. 6th St., 
Cheyenne, Wyo. (Rocky Mtn.) 
Bartlett, Dan T., San. 
Naval Air Sta., 
Ave., Dallas, Tex 


efferson 
sirming- 


Engr., U. S. 
1013 Franklin 
(Tex.) 


‘ 
| | 
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Springs, S. Dak 
Bragg, Davis A., Jr., 
International Nickel 
way Ave., Huntington, 
Va.) 


Bradshaw, 
732 N 
W. Va 


Supt., 
st., 


Water Dept., 
lartinsburg, 


Supt., 
(Rocky Mtn.) 
Engr., Hot 
Dak.) 

Metallurgist, 
Co., 309 Nor- 
W. Va. CW. 


City 
(S. 


Robert E., Opr., 
5859 N. New 
Indianapolis 5, Ind 
Bragstad, R. E., City 
Hall, Sioux Falls, S. 
St.) 


Sew, r 
Jersey St., 
(Cen. St.) 
Eng., 


Dak. 


City 
(Cen. 


Civ. 
Vancou- 
Dual— 


Cons 
3rd Ave., 
(Can.; 


Brakenridge. Charles, 
Engr., 3450 W 
B. C., Can 
N.W.) 
3raker, Ralph C., 24 
Norwalk, Ohio (Ohio) 
Brallier, Paul S., Tech. Dir., Niagara 
Smelting Corp., P.O. Box 616, 
Niagara Falls, N. Y. (N.Y 
Brande aburg, Kenneth B., 19 Rector 
ee. . 1905, New York 6, N 
NY ) 


Newton St., 


te 
wit” 
561 S 
Pa.) 
ority, 2 B 
Tenn. (Ky.-Tenn.) 
36s 
. San Francisco 7, Calif. (Calif 
: Bolton, J. F., Ames Crosta Mills & 
/ Co., Ltd., Moss Iron Wks., Hey- 
wood, Lancashire, Eng. (ISP) 

Bolton, Paul, Asst. Engr | 
of Health, State Capit 
Moines, Ia. (la.) 
4 New Haven 1, Comm 
Bond, Eugene 
Mass. (New Eng 

Bond, Philip E., Con : 
& Bond, 189 High 
Mass. (New Eng.) 
i Bond, R. G., Asst. Prof 
| Cornell Univ., School 
| Ithaca, N. (N.Y 
i 
Bonderson, Paul R., Asst. im. 
| Bowen, M. I ( 
acheco St Sal ‘rancisco 6 
aul ower, Stanley 
Bonham, H. | Assoc. Engr., P E Pit | 
Uhimann & Assocs., 70 Kenworth Mich. (Mich.) _ 
Columt 2, Ohio (Ohio 
Bontempc Domini Chief Opr. f Health. Parliament - 
c Sew. Tr. Pit., 834 Smith St., toria, B. C.. Can 
Norristown, Pa Pa.) al Pes NW.) 
Bonvicin, Ange A., State Engr., 
vd Blackstone Valley Sew Dist. 
Comm., State Office Bldg., Provi 
dence, R. I New Eng.) 
Boone, George H., Chief Opr., Nor- : 
ristown Sew. Tr. Pit., 713 Church 
St., Norristown, Pa. (Pa.) 
“y Booth, Edward J. City Engr., Bis 
ag marck, N. Dak. (N. Dak.) 
a Boothe, Mrs. B. K.. B. K 
Const. Co., 2834 
Booz, Louis P. C 
(N.J 
ae: Borchardt, Jack A., Ass 
Mich, Ann Arbor” 
Borchers, F. W., 
Company 
Borden, 
Box 1048, Ja 
Cons. Engr., 109 
Supt., Sew. Tr. Plt., 
ie + E. Koch St., Bozeman, Mont. 477 : 
ae (Mont 25, 
2 
eras Borgford, T. B., San. Engr., Cana- ; 
ti dian Industries, Ltd., 4019 Hings & 
ee ton Ave., Montreal, Quebe Can 
(Can.) 
Boriss, Marion E., San. Engr., Jef 
Comm., 2 : 
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. Brandis, F. E., Seat. Sew. Tr. Plt., | Brooks, John H., Jr., 7 Chester St., | Bruce, A., Chief Engrs. Dept., yi 
, Box 306, Chinook, Mont. ( Mont.) | Worcester, Mass. (New Eng.) Northern Outfall Wks., Beckton, 
ae Brandon, E. C., Chief Chem., How- | Brower, J. Singleton, Pit. Opr., Sew. ; London, E. 6, Eng. (ISP) 
ard Paper Mills Inc., Dayton, Ohio | ‘Tr. Plit., 39 Center St., Woodmere, | Bruce, Kyle L., Supt., San. Bd., 
(Ohio) | Bluefield, W. Va. (W. Va.; Dual 
; Brannock, D. York, Pit. Opr., 1509 | Brower, James, Supt., 3021 N. 36th | —Va.) 
: Beal St., Rocky Mount, N. C. |  St., Milwaukee 10, Wis. (Cen. St.) | Bruce, R. C., City Mgr., Quitman, 
(N.C.) | Brown, Beverley J., Gen. Sales Mer., | Ga. (Ga.) 
; Bras, Rafael, Urbanizacion Garcia, | The Pedlar People, Ltd., Oshawa, | Brug, C. J., Sales Engr., Armco 
Ubarri 17, Rio Piedras, P. R. Ont., Can. (Can.) | Drainage & Metal Prod., Inc., : 
* (P.R). Brown, C. W., Pac. N. W. Rep., | 11936 no St., N. Hollywood, : 
5 Brassey-Edwards, S., Engr., Ames, Inertol Co., Inc., 1238 N. W. Glis- Calif. (Calif.) 
; Crosta, Mills & Co., Ltd., Abbey on St., Portland 9, Oregon (Pac. | Brumm, Allen S., Chief Chem., Pre- : 
: House, Victoria St., London, S. W. N.W.) cision Castings Co., 436 W. Wil- 
1, Eng. (ISE) Brown, Edgar T., Supt., City Water | lard, Kalamazoo 11, Mich. ( Mich.) 
: Brastow, Thomas F., Tech. Supt., Pit., Fayetteville, Ark. (Ark.) | Bruner, L. D., Supt. of Sews., Water 
Bi American Viscose Corp., Front | Brown, Edmund H., State Dept. of Dept., Cordell, Okla. (Okla.) + 
: Royal, Va. (Va.) | Pub. Health, 56 W. Central St., | Brunn, Philip A., Jr.. Megr., Philip 2° 
; Brearley. Edgar, Asst. Engr., Sew. | Natick, Mass. (New Eng.) | A. Brunn, Jr., San. Div., Ingomar, : 
Sec., Wks. Dept., City Hall, Tor- | Brown, Edward S., Jr., Prof., Thayer Pa. (Pa.) o> 
“ onto, Ont., Can. (Can.) School of Eng., Dartmouth Col- | Brunner, Paul L., Chem., Sew. Tr. 
a Brenchick, William P., Sales Engr., | lege, Hanover, N. H. (New Eng.) Pit., 1229 Swinney Ave., Ft. oe 
: 46 Lincoln St., Lexington 73, | Brown, Fred W., Supt., Sew. Tr. Pit., Wayne, Ind. (Cen. St.) 7 
4 Mass. (New Eng.) | 3519 44th St., San Diego 5, Calif. | Brunty, C. E., Eng. Aide Grade V., 
tal San., Bur. of Health, Bingham- ser Div., 700 Fashion League Bldg., 
ton, N.Y. (N.Y. | Brown. George, Supt. | Los “Angeles 12, Calif. (Calif.) 
d Brennan, “er F., Supt., Water | P.O. Box 128, Newnan, Ga. (Ga.) | Bryan, J. R., Supt. of Water, City a 
: Wks., 503 Ribault Ave., Daytona | Brown, Dr. Glenn V., State Dept. of | Hall, McKinney, Tex. (Tex.) es 
: Beach, Fla. (Fla.) | Heaith, 312 E. Main St., Mechan- | Bryan, Kenneth M., Chem., Amer- ‘ 
Bretthauer, W. H., Engr., Gen. Elec. icsburg, Pa. (Pa.) ican Bemberg Corp., R. F. D., No - 
1 Co., New Kensington, Pa. (Pa.) | Brown, John B., Supt., Sew. Tr. Plt 1, Johnson City, Tenn. (Ky.- © 
Brewer, Frank Cope, Chem. Engr., | Box 386, Duncan, Okla. (Okla.) Tenn.) 
No. 13 Varcalcel St., Hato Rey, P. | Brown BR. Sunt.. Dowley G Bryant, C. T., Supt., Sew. Tr. Wks., 
R. (P.R.) Sew. 102 E First St., Springfield, Ohio 
Brewer, William Scott, Sr., Supt. | Eng. (ISP) (Ohio) 
% Sew. Tr. Pit., Roane-Anderson Co., | : res _., | Bryant, W. G., Supt., Lights, Water 
155 N. Alabama Rd., Oak Ridge. | Brown, James G., Sanitarian, Bary & Sew., City Hall, Griffin, Ga. 7 
Te Te | Co. Health Dept., 116 N. Mich 
| igan Ave., Hastings, Mich. (Mich.) | : 
Brickenden, F. M., Dist. Engr., | Bryce, W. F. M., Sew. Engr., Trans- 
: Dept. of Nat'l. Health and Wel- | Brown, James M . Jr., San. Engr., portation Bldg., Ottawa, Ont., Can. ca 
fare, 82 Cordova St., Winnipeg, | Lederle Lab., 8 Sandford Ave (Can.) o 
: Manitoba, Can. (Can.) Emerson, N. J. (N.Y.) , Buchanan, A. N., Opr., Ray & a 
c Brickley, J., 1 Bradley Lane, Stret- | Brown, Joseph C., Pomona Air Base, | Davidson, Silver Springs, | Fla. i 
} ford, Lancashire, Eng. (ISP) R. D. No. 3, Box 145, Pleasant- | (Fla.) ae 
Bridgman, R. J., Mgr. Laundry | Ville, N. J. (N.J.) Buchanan, Ivan A., Cons. Engr., 
Equip., Canadian Gen. Elec. Co., | Brown, Mrs. K. V., Clerk, Twp. Burns & Kenerson, 81 agen . 
212 King St., W., Toronto, Ont., of Grantham, 148 King St.. St. |  St., Wollaston, Mass. (New Eng.) < 
Can. (Can.) | Catharines, Ont., Can. (Can.) | Buchanan, W. Franklin, Engr., Boro. 
: Briggs, Raymond J., Cons. Engr., 619 | Brown, Kenneth W., Chem. Engr., | of Metuchen, 407 Main St., Metu igh 
% oe St., Boise, Idaho (Pac. Brown & Caldwell, 233 Sansome | chen, N. J. (N.J.) orn! 
Brigham John C., Sr. San. Engr Buchecker, A. I., Prin. Asst. City 
rignam, or. San, Ungr., ow is 795 CC Ave., kane 
State Dept. of fiealth, State Ofice | peace Con’ 1433 Clayton De, (Pace 
Bidg., Albany, ¥. CT Charlotte 3, N (N.C) 
Brigham, John C Sales E Bucholz, Herbert C., Cons. Engr., 
Jr. Sales Engr., Brown, Reuben’ F Supt Sew Gen. Eng. Design Co., 1320 W 
Wallace & Tiernan Co., Inc., 212 Mais Div » Py ing 15. Mich. 
% Fernwood Ave., Upper’ Montclair Maint. Div., Dept. Pub. Wks., St. Joseph St., Lansing 15, Mic 
N. J. ONY.) Los Angeles ( Mich.) 
Briley, Harold D., 7435 Augusta Buck, Arthur H., Sr. Ener., City 
: Ave., St. Louis, Mo, (Mo.) Brown, Ronald, Cons. Engr., 12 Hall, Cincinnati, Ohio (Ohio) a 
e Brinck, Claiborne W., Jr., Asst. Dir my Rutherford, N. J. Buck, George H., Partner, Buck, i. 
: Div. of San. Eng., State Bd. of a Seifert & Jost, 20 Scotland Rd., ‘ss 
<— Health, Helena, Mont. (Mont.) Brown, Ronald H., Mech, Engr., Elizabeth 3, N. J. (N.Y.) fe 
. Brinkerhoff, W., Supt., Wat. & Sew. =. Cincinnati 15, Ohio puck Robinson D., Cons. Engr., 
Dept., Holbrook, Ariz. (Ariz.) Buck & Buck, 650 Main St., 
. Brisco, G. N., Town Engr., 36 Mul Brown, Stuart, Supt... Water Dept., Hartford, Conn. (New Eng.) 
Ey ser St., Barrie, Ont., Can West Point, Ga. (Ga.) Buck, Ross J., Chief Engr., Charles e 
W. Fillingham, Engr., Colne H. Hurd, Cons. 
falley Water Wks.,  ‘Claxton,”’ Main Cross St., Edinburg, Ind. 
‘ Dept., 505 S. Maple St., Bowling Herts, Eng. (ISE) Buckley, E. J., Sales Engr., W. J. 
: Green, Ohio (Ohio) Brown, Wade Gillies, Chem., Durham Westaway Co., Ltd., 38 Main St., 
Jate »pt., 3 inity a ilton, Ont., Can. (Can.) 
: Britton, Benjamin A., Jr., Opr., Sew W ater Dept 1030. Ww. Trinity W., Hami , x 
Tr. Pit., Forest Kd., Noroton Ave., Durham, N. C. (N.C.) Buckley, Ed., Water Supt., Anadarko, 
Heights, Conn., (New Eng.) Brown, Walter H., Jr., Opr., Sew. Okla. (Okla.) 
Brock, S., Parkville, Springhand Rd, Hersey Rd., Cranston, Company, The, Red Lion & 
Northfleet, Kent, Eng. (ISP) ‘ Verree_Rds., Bustleton, Philadel 
> Browne, F. G., Engr., Teck Twp., phia, Pa. (Corp. Pa.) 
Brody, James, Opr., Sew. Tr. Pit., 
x 417 Melrose Ave., Glen Ellyn, Ill Kirkland Lake, Ont., Can, (Can.) Buderman, Sam, Engr., Universal : 
(Cen. St.) Floyd Engr., Concrete Co., 804A Bldg., 
: Brookman, H. R., Vice-Pres., Arrow- Floyd G. Browne Assocs., Box Wheeling, W. Va. (W. Va.) 
oa head Lime & Chem. Co., 1840 E 27, Marion, Ohio (Ohio) Bugbee, Julius W., 290 Massachusetts : 
25th St., Los Angeles 11, Calif. Brownridge, F. B., Town Clerk Ave., Providence, R. I. (New : 
: (Calif.) Cornwall, Ont., Can. (Can.) Eng.) 
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Sew. Tr 
Groton, 


Bugbee, Raymond C., Opr., 
Pit., 17 Monument 
(New Eng.) 

Bull, C. C., Cons. Engr., Burgess & 
Ni tole e, 584 E. Broad St., Colum 
bus 15, Ohio (Ohio) 

Bullard, Joseph E., Asst. Plt. 

Disciy Barracks, 
(N.Y.) 


Grad. 


Opr.. 
Storm 


Univ. 

Fremont. Ave., 

Minn, (Cen. St.) 

Partner, Bulot & 

Engrs., 411 W. Sth 

St., Los Angeles 13, Calif. (Calif.) 

Bulpitt, Water & 

Sewer 7 Bishop, 
Calif. 

Bumste ad 


Stud., 


Supt 


, Editorial Asst., 
Ne ss Record, 330 W. 
York 18, N. Y. 
“Dual —Qhio) 
st. Research Chem 
‘orp., 824 Lincoln 
le, Ohio (W. Va.) 


du "pont de 
1217, ’arkerst 
Va.) 
, Chicago 
22, Char 


Bur 
Publi 
San Francisco, 


Asst. Supt., 
Repair Dept. of 
2 11th St., 


Thomp- 
Southwest 
(Mo.) 

, Chem. Const 
ve., Living- 


| Burne, R. H., 


Burrin, 
7 


| Burton, Char! A., 


| Busse, L 
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Woodcote 
rincham, Cheshire, Eng. 

Burnett, A. H., Supt., 
erage Comm., 249 
Mimico, Ont., Can 

Burnett, J. E., Bu 
lanti State Hospital, 
lanti, Mich (Mi h.) 

Burns, Clayton, Supt. of 
Water Dept., 
(Okla.) 

Burnson, Blair I., San. Engr., | 
Bay Mun. Util. Dist Box 720 
Oakland 4, Calif. (Calif.) 

Burr, R. S.. American Brass 
Waterbury, Conn. (New Eng.) 
Bur rel Robert, Opr., Sew. Tr. Plt., 

? Howard St., West Haven, Conn 

(Ne w Eng 

Thomas J., Supt. of Util., 
206 W. Washington St., Lebanon, 
Ind. (Cen. St.) 

Burt, Gordon L., Sr. Civ. Engr., I 
Bay Mun. Util. Dist., 2020 Pan 
har Blvd., Richmond, Calif 
(Cali 

Burt, Otis M., Mayor, 538 Main St 
Greenport, N. Y. (N.Y.) 

Burtnett, John H., Civ. Engr., 412 
Davidson Bidg., Charleston, W. Va 
(W. Va.) 


Farm, 
CIsP 
Union Sew 
Church 

(Can.) 

iness Exec., Ypsi 

Box A, Ypsi 


Util 
McAlester, 


City 
Okla 


Pit. Mer., Key- 
stone W od Preserving ( Ed 
dington, Pa. (Pa.) 

Burton, J. W., Sales Ener., Roberts 
Filter Mfg. Co., Darby, Pa. (N.J.) 

gush, Bernard S., Dist. Engr., Pa 
Dept. of Health, Kirby Health 
Center, Wilkes-Barre, Pa. (Pa.) 

sush, George H., 
Sew. Dist. No. 2, 
Drive, Rochester 10 

Bus h, 


Supt f 


Sews 
ew 


174 Meadow 

Harry, Supt ‘ub. Wks., 210 

seph St., Paw, Mich. 
(Mich ) 

Bush, M. M., Town Clerk & Treas., 
Burlington, Ont., Can. (Can.) 
Bushee, Ralph J., Chief San 
;. Cale & Son, 2 
S. Bend, Ind 

Pres., St. C atharines 

Janning & Deve 

O. Box 10, Thorold, Ont., 
(Can.) 


Engr., 
20 W. La 
(Cen. St.) 


Can. 

J.. City Re 
Hall, Beaverton, Or 

Butler, Harold G., 
Sew, Tr. Plt., Bethalto, Ill 
St.) 


der, 
(Pac 


Supt 


Butterfield, C. T., Bact., 1 
Health Service, 3415 Mooney, 
cinnati 8, Ohio (Fed.) 

Norval E., 

Ont., C 


Bye 
old, 


San 

Dept 
Ave., 
(Can.) 


Cabana, L. P., 
Engr., Div. of 
of Health, 4663 
Montreal 26, P. Q., Can. 

Wilson, Wks. Mgr., 
States Gypst Co., 1155 
Ave., ynt Alle- 
gheny Co., Pa. (Pa.) 

Cahaly, Fe M., Cons. Engr., Fay, 
Spofford & Thorndike, 43 Everett 
St., Arlington, Mass. (New Eng.) 


Supt. and 
Sanitation, 
Lacombe 


Alt- | 


March, 1949 


Wiedeman & 
Nat'l. Bank 
(Ga.) 
Chem., 

(N.Y 


‘ain, John H., 
Singleton, C 
Bldg., Sunnyside, Ga 

‘aird, James M., Cons. 
non Bldg, Troy, N. ¥ 
alaway, W. T., P. O. 
Gainesville, Fla. (Fla.) 
ilderara, O. J., Chief Engr., Sub- 
urban Tampa San. Dist., 705 Mad- 
ison St., Tampa, Fla. (Fla.) 
ilderon, Pabla Ribot 
Santurce, P. R ) 

‘aldwell, A. M., 
Dept. of Health, 
tol Bldg., 
St.) 


Engr., 
& 


Can 
) 


Box 672, 


Pasaje 307, 
(PLR 

State 

, Capi- 
(Cen. 


San. Engr., 
oth Floor 
Springfield, Ill 


Charles G., Assoc. 
of San. Engr. & San., 
Health, Santa Fe, 
Mex. (Rocky Mtn.) 
‘aldwell, David H., 
Brown & Caldwell, 


> 


‘aldwell, 
Div 
of Public 


Engr., 
Dept 
New 


Cons. Engr., 
Civ. & Chem. 
ngrs., 233 Sansome St., San Fran- 
» 4, Calif. (Calif.) 
caldwell, H. L., Cons 
W. College Ave., 
Cen. St.) 
ildwell, M. R 
Doehler 
Grove, 
Mich. (Mich.) 
‘alihan, Resler, Chem., Sew. Tr. 
Wks., E. River Rd. R. R. 11 
Box 54, Dayton 9, Ohio (Ohio) 
Major Loy A., 241 Preston 
Shreveport, La. (Cen. St.) 
llon, Harry A., Chief Engr., Mus 
catatuck State School, Butlerville 
Ind. (Cen. St.) 
‘alvert, A., 43 
Sheffield 9, 


Engr., 803 
Jacksonville, Ill. 


Asst. Vice-Pres., 
Jarvis Corp., 525 Cottage 
Grand Rapids 2, 


‘allen, 


Carnal! 
(ISP) 
Supt Sew. Tr 
Offices, Jackson, Mich. 


Station Rd., 
Yorkshire, Eng 
‘ameron, A. B., 
Pit., City 
(Mich.) 
ameron, 
Provincial 
ericton, 
Can.) 
‘ameron, W. M., 67 
Glasgow W Scotland 
‘amp, Cecil \ 
& San. Eng., 215 
La. State Univ., 
(Ky.-Tenn.) 
‘amp, R. H., 
Mill Rd., 
Eng. (ISP) 
Thomas R., Partner, 
& McKee, Cons. 


Boston 8 


Engr., 
Fred- 
Can. 


Alwyn J., San 
Dept. of Health, 
New Brunswick, 
Towerhill Rd., 
(ISP) 
Prof., Hydr 
Atkinson Hall, 
Baton Rouge, La 


Sheering 
erts., 


The Cottage 
Sawbridgework, 


"amp, Camp, 
Engrs., 
Mass. 


Chem. Engr., 
Co., Box 95, 
widence 5, R. 1 


Joseph I 
Point Mfg 
Pe 
New Eng 
Floyd R., Chief Chem., 
Pump & Paper Co., Ty- 
(Pa.) 


Prof Rhode Is 
Kingston, R. I 


. Supt., Preston Sew. 

Clifton Marsh, Freck- 

Lancashire, Eng. (ISP) 

Campbell, John Chester 
Engrs., 210 E Pitts- 
burgh, Pa. (Pa.) 

Campbell, M. S., Sales Engr., H. D 
Fowler Co., Inc.. P. O. Box 3084 
Seattle, Wash. (Pac. N. W.) 

Campbell, M. S. Bact., 
State Bd. of Health, 
Michigan St., Indianapolis 
(Cen. St.) 


impbell, J 
Disp. Wks., 


leton, 


Partner, 
Parkway, 


Ind. 
1098 W 
Ind. 


( 

(N.Y 
Bundy, K 

Whee 
Ave 

B 

Bunting, I 5 
; f Sew 
Wks., 4 
Calit. (Cali 
Bunting, H. S., Sale 
son-Hayard Co., 
Blvd., Kansas Cit 
Burack, W. D., Engr 
: Corp., 77. Sycamore 
i ston, N. J. (N. J.) 
Buraglia, A. M., Cons. Engr., 563 
Kingston Rd., Toronto, Ont., Can 
Can.) 
Burch, Paul F., Maint. Engr., Wol 
a verine Shoe Co., Rockford, Mich 3 
(Mich.) 
Burden, Harry } Dean Eng : 
School, Tufts College, Medford 55, 
Mass. (New Eng 
; Burden, J. P., City Engr., City Hall, 
San Angelo, Tex. (Tex 
Burden, Robert P., Stud., 11 Gray 

St Can ige 38, Mass. (New 
Eng 

u Burdick, Geo. E., State Biologist, N 

y State Conse ation Dept Opr., 
Main St., Rochester 4, N. ¥ (Cen 
N.Y.) 
| 
Burdoi Alle 1, Cons, Engr 85 | Butrico, Frank A., 1 S. Publi 
Ge! Washington St Welleslev Hills. | Health Service, 19th & Constitu 
a Mass. (New | tion Ave., Washington 25, D. C Ca ¥ 
ioe Burger, A. A., Co Engr.. Havens | _ ‘ Fed.) ‘ 
or & Emerso Elsmere Rd., | Buttenheim, Edgar J., Pres. & Mar a 
Shaker Height OF Ohio American City Magazine $70 
Pit., 1315 11th St.. Menomo (Asso 
Burgess, Harold, Rep., Ludlow Valve Cin- Campbell, Henry 
bose Co., 212 Fifth Ave N Troy, State College, s 
N. ¥. (N.Y.) Thor (New En 
a Burk, Westly T., Supt. of Sewers, 20 ; 
cer E. Summit St., Lakewood, N. Y. : 
N.Y 
Aim Rurke, C. E., Supt., Sew. Wks., 25 
Folkestone ‘Rd., East Ham, Lon 
BS jon E. 6, Eng. (ISP) 
7 Burley, Fred H., Supt., Sew. Tr. Pit 
12772 1 Detroit 4, Mich, 
Mich 
Re Burn, G. A. H., Assoc. San. Engr., 
Ontario Dept Health, Parlia- 
eae ent Bldgs., Toronto 2, Ont., Can 
(a 
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> Candee, Henry B., U. S. Veterans | Carollo, John A., Cons. Engr., Head- | Case, Raymond G., Supt., Merchant- 
Admin., 5700 N. 26th St., Arling- | man-Ferguson & Carollo, Engrs., ville-Pennsauken Jt. Sew. Comm., 
“4 - ton, Va. (Md.-Del.) | 3308 N. Third St., Phoenix, Ariz | 6001 Browning Rd., Merchantville, 
Candell, E. F., San., Box 321, Rt. 6, | _ Ariz.) | N. J. WJ) 
a Denver 14, Colo. (Rocky Mtn.) | Carothers, Charles H., Supt., Sew. | Cassels, W. L., Cons, Engr., 18 
Canham, Chester H., San. Engr., | Tr. Pit., 2150 S. W. 14th Ave., | Rideau St., Ottawa, Ont., Can. 
State Bd. of Health, 3517 Manor | Miami, Fla. (Fla.) | (Can.) 
; Ct., Indianapolis, Ind. (Cen, St.) | Carpenter, Carl B., Supt., San. Dist., | Castella, William F., Des. Engr., 
: Canham, R. A., San, Engr, Nat'l. | 5135 Columbia Ave., Hammond, | 1623 Transit Tower, San Antonio 
Canners Assn., 1739 H St ,N. W., Ind. (Cen, St.) | 5, Ten. 
Washington 6, D. C. (Cen. St.) | a George D., Supt., Water | Castello, Pwned O., Asst. Engr., 
Rok: ept., E. State St., Ithaca, Div. of Water & Sews., 112. City 
Livingston, N. (NJ) N. Y. (N.Y.) Hall, Sacramento 14, Calif. (Calif.) 
Cantrell, E. L., Dist. Mgr., N . | Carpenter, Harry C., Cons. Engr., | Caster, Arthur, San. Engr., Hdars. 
Co W. Carpenter & Estance, 218 Wisner | 2nd Army, 488 Meadoway Park, 
Louisville, Ky. (Ky.-Tenn.) Ave., Middletown, N. Y. (N.Y.) Worthington, Ohio (Cen. 
Caolo, Cesar, Civ. Engr. P. R. | Carpenter, Harry E., Asst. Plt. Opr., | _ Dual—Ohio) : 
: Aqueduct & Sew. Serv. "Santurce, Sew. Tr. Plt., 33 Carlton Ave., | Castro, Peter B.. Mech. Engr., P. O ede 
P. R. (PRD) Port Washington, N. Y. (N.Y.) | Box 1286, San Juan 6, FP. R. 
: 
i Capano, Sam J., Supt., Sew. Tr | Carpenter, Howard F., Opr., Sew. (P.R.) Ee 
: Pit, 27 Church St., Bound Brook, | Tr. Pit., 2 Ernest St., Providence, | Catapano, Vincent, 3336 Salina Ave., ray ak 
ND) (New Eng.) Dearborn, Mich. (Mich.) 
| Carpenter, J. D., Civ, Engr., Gan Catlett, George F., Engr., Stream 
nett, Fleming.’ Corddry, & Car- San. Committee, State Health 
eid Comm., 768 Ringwood Ave. Wa | penter, Inc., Harrisburg, Pa. (Pa.) Bidg., Raleigh, N. C. (N.C.) aa 
naque, N. J. (N.J.) | B., Jr., Jr. Resi Wilson B., Opr., Sew. Tr 
_ dent Engr., Wm. F. Freeman En 223 W. Franklin St., Eph- 
Caplan, Louis R.. Engr. Hall Labs. grs., Box 1011, High Point, | rata, Pa. (Pa.) 
Park, Md. N.C. (N.C) Caverly, S., hast San. Engr.. 
Carpenter, Seymour B., Asst. San ntario Dept. of Health, 807 
Capes, E., Supt., San. Dept., Engr., Div. of Health & Richmond St.. W., Toronto 3 
: wo Rivers, Wis. (Cen. St.) Tenn. Valley Authority, Norris, Ont., Can. (Can.) 
= Capron, John D., Glamorgan Pipe & Tenn. (Ky.-Tenn.) Cayser, Arnold F.. County Supvr., 7 
; Foundry Co., Lynchburg, Va. (As- | Carpenter, William T., Opr.-Chem.. P. O. Box 771, Livingston, Mont hg 
soc.) | “Dept. of Public Wks., 125 Worth | _ (Mont. 
Capwell, Walter, Opr., Disp. & In St., New York 13, N. Y. (N.Y.) Coe K., Southwestern 
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London, Conn. (New Eng.) Bldg., Tulsa 3, Okla 
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4 eral Bldg., San Francisco 2, Calif. —Pacific, Inc., 921 University 
: (Fed.) Carter, Gerald R., Assoc. Ave., Berkeley 2, Calif. (Calif.) 
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Chasick, Abraham H., Jr. San. Engr., 
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Sew. Plts., 513 Secs Clarke, R. M.. Dist. Engr., Wallace i 
St. James, Minn. (Cen. $ & Tiernan Co., 1328 N. W. 23rd , 
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Control Serv., State 
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my Air Field, R. R. 1, Vict 
Lockhart, Tex. (Tex.) 
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Cohn, Morris M., 
Lexington Ave., 
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San. Engr., 1101 
Schenectady, N. 

‘New Eng.) 
R. W., San. Engr., 

Nat'l Health & Welfare, 
Health Eng. Div., P. O. Box 605, 
Halifax, N. S., hy (Can.) 

Cole, Chas. W., Partner, Charles 
W. Cole & Son, 220 W. 
Ave., S. Bend 5, Ind. (Cen. St.) 

Cole, E. Shaw, Chief Engr. & Vice 
Pres., The Pitometer Co., Engrs., 
21 Erwin Park Rd., Montclair, 
N. J. (N.Y.) 

Cole, Harvey M., Jr., 
City Engrs. Office, 
San Diego 1, Calif. 

Collard, A. E., Surv., 
hurst, 24 =. 
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Collier, J. D., 
ous, Ltd., 
Westmount, 
Can. (Can.) 

Collier, James, 
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Eng. 
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San. 
Civic Center, 
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John T., Clerk, Dept. of 
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P. R. (P.R.) 
Colquhoun, Colin, Asst. Pit 
Sew. Tr. Pit.. 101 Southard 
Rockville Centre, N. Y. (N 
Colvin, Dean E.. Field Engr., In- 
filco, Inc., 4304 40th Ave., S., 
Minneapolis 6, Minn. (Cen. St.) 
Compton, C. R., Asst. 
Los Angeles Co. San. Dist., 330 
Bendix Bldg., 1206 S. Maple Ave., 
Los Angeles 15, Calif. (Calif.) 
Conant, F. M., Engr., Link 
Ltd. 791 Eastern Ave., 
8, Ont., Can. (Can.) 
Conard, C. Robert, City Ener., 
Bidg., Wilmington, Ohio (Ohio) 
Conduit Co., P. O. Box 
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‘ongoleum-Nairn, Inc., 195 
Dr., Kearny, N. J. (Md.-Del. 

Conlon, Edward W., Opr., 
Pit., 47 Lawrence Ave., N. 
town, N. Y. (N.Y.) 

Connell, C. H., Prof., Univ. of Tex. 
Medical School, Dept. of Preventa- 
tive Medicine & Pub. Health, Gal- 
veston, Tex. (Tex.) 

Connell, Maurice H., Cons 
Maurice H. Connell & Assoc., 
Bldg., Miami 32, 
(Fla.) 


Engr., 
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Fla 

aman Woodville, Tex 

ex. 

Connors, F. H., 
248, Van Wert, 

Connors, Joseph J.,  Bact.-Chem., 
East Bay Municipal Util. Dist., 
2722 Virginia, Berkeley 9, Calif. 
(Calif.) 

Conolly, James H., Production Engr 
Standard Steel ‘Spring Co., New- 
ton Falls, Ohio (Ohio) 

W. _E., Chief Opr., 
Pit., Re "D. No. 

Ohio (Ohio) 

Consoer, Arthur W., Chief 
Partner, Consoer, Townsend & As 
soc., 351 E. Ohio St., Chicago 11, 
Ill. (Cen, St.) 

Converse, Dean J., 
St. Paul 5, Minn. 

Hollis R., 


Loy L., 


City Engr., Tox 
Ohio (Ohio) 


Sew. 


1132 James Ave., 
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Conway, San. Engr., State 
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L. M., City Clerk, 
‘an. (Kan.) 
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Thornsburg Co., 
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Cook. Leland B., Civ 
Box 290, Tupelo, Miss. (Ga.) 

Cook, Paul D., County San. Engr., 

. of County Comm., Lake 
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Ohio (Ohio) 

Cook, Rodney E., Chief Engr., 
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Hdaqrs., USAAF, P. O. Box 
Langley Field, Va. (Va.) 

S. J., Off.-in-Cheg., 

Specifications Sec., Nat'l 
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Corless, M. T., Town Clerk & Treas., 
Clinton, Ont.. Can, (Can.) 

Inst.. Civ. Eng 
of Minn. , Minasape- 
Cen. 
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Supply, State Dept. of Health, 
div. of Sanitation, Albany, N. Y 


Ges, 


Health Unit 


Cox, Lymar 


Consultant, 
Del.) 
E. I. du 
Co In 


Richmond 


y Engr., City Hall, 
lo. (Rocky Mtn.) 
Opr., Sew. Tr 


Bldg Hartford, 


Bu 
Hall, Buffa 


Sales Engr., Crau 
557 Hippodrome 

§, Ohio (Ohio 
Engr., Craur 
Hippodrome 
Ohio (Ohio 


Sew Ir. Pit 


(Mich 
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Crawford, Samuel, Sr., Bact., 
mont Lab., Belmont Ave. 
Rd., Philadelphia 31, Pa. 
Crawford, Stuart C., Res. Chem., 
Camp Mfg. Co., Franklin, Va 
(Va.) 
Creears, T. H., T. H. 
Hope St., 
(Calif.) 
Crepeau, Louis, Dir., Tech. Service 
& City Engr City Hall, St 
inthe, Quebec, Can. (Can.) 
Marion L., Engr., Marion I 
& Assocs., 508 Union Life 
Little Rock, Ark. (Ark.) 
Critoph, Dennis, Gen. Mer., Critoph, 
Steen & Cave, 1155 W. Pender 
St., Vancouver, B. C., Can. (Can.) 
Critoph, Raymond, Pit. Opr., 101 
Lynndon Blvd., Falconer, N. Y 


Creears Co., 
Los Angeles 15, 


Crocker, B. A., City Engr., 

551, Longview, Tex. (Tex.) 

Crocker, Harold S., City Engr., City 
Hall, Brockton 22, Mass. (New 
Eng.) 

Crockett, C. L.. Chief Chem., Chem 
Lab., Norfolk & Western” Rail 
way Co., Roanoke, Va. (Va.) 

Crockett, Vernon P., Cons. Civ. & 
San. Engr., P. O. Box 787, Shef 
field, Ala. (Ky.-Tenn.) 

Don K Chem., Sew rr 

. 350 Linganore Ave., Hagers 

n, Md. (Md.-Del.) 

. H. P., Chief Ener., State 
Dept. of Health, 208 Maple Ave., 
rrenton 8, N. J. (N.J.) 

Crohen, W. F., Supt., Water Wks., 
Port Clinton, Ohio (Ohio) 

, Howard, Supt Sew. Tr., 
of Pub. Wks Menominee, 
Mich. (Mich.) 


vom, Hardy C., Supt.. Water 

523 Faulkner, New Smyrna 
(Fla.) 

Cropsey, W. H., Supt Sew. Tr 
Pit., South St. Paul, Minn. (Cer 
ot.) 

Cross, A. H., Supt., Sew. Wks., Old 

Windsor, Berkshire, Eng. (ISP) 

Crow, Harry B., Sew. Supt. Box 

254, Kirkland, Wash. (Pac. N. W.) 

Crowther, J. W., Sew. Disp. Wks 

Darfield, Nr. Barnsley, Yorkshire 

Eng. (ISP) 

Crundall, S. F. W., Peter Spence & 
Sons, Ltd., Nat’l Bidg., St 
Parsonage, Manchest ng 


inberry 


ice-Pres., Worth 
Corp., Har 


r ment Co 

tn Ontario Bldg Toront, 

Can.) 

Culley, Walter M., San. Engr., Nat'l 
Biscuit ¢ 4 Sth St., Bay 
side, L. I., N. N.Y.) 

Culli, George O., Jr.. Engr. Asst 
State Dept. of Health, P. O. Box 
49, Corpus Christi, Tex. (Tex.) 
‘ulver, Robert H., Civil Eng. Dept 

C. State College, Raleigh, N. ¢ 


1, F., Sew. Wks., Garnier 
ichester, Hant Eng 


Cunetta, Joseph, Civ. San. Engr 
Dept. of Pub. Wks., 125 Worth 
St., Rm. 821, New York 13, N. Y 

(N.Y.) 


( ( 
Fla ( 
Corse, Redmond P., 
Wks. Agency, 5800 Kenmore Ave., 
Chicago 40, Ill. (Fed.) (N.Y 
Corson, G. & W H., Inc., Att: Dr Cox, Clifford B., Chief Engr., Pa 
L. John Minnick, Chief Cher cific Flush-Tank Co., 4241 Ra 
‘oe Plymouth Meeting, Pa. (Corp. venswood Ave., Chicago 13, Il = 
Pa.) (Cen, St.) 
ae Corson Cox, K. E. (Miss), Dir., State Hy ~ j 
202 gienic Lab., Charleston, W \a 
Pa.) CW. Va.) 
Corson, William B., 2770 Lytelle | T.. Dir.. City-County 
Pi., Los Angeles 41, Calif. (Calif Paso, Tex. (Tex.) 
Cortese, J. R., Supt., Water Dept., | 1) Wast 
ae P. O. Box 877, Livingston, Mont f 
Mont.) 
3 Cory, J. C., Pres., Cory Eng. Co., a 
Box 637, Miles City Mont ( “i 
Mont.) 
Cosens, Kenneth W., Prof., Dept S417 K 
f Civ. Eng., Uni f Te 21, Va. (Va.) 
tin 1 Tex. (Tex Coy, Burgis, City 
i Cosman, Ernest, New Liskea Ont Ft. Collins, ¢ Me 
Can, (Can.) Craemer, George 
Cosne Lafayette Chief Opr.. Municipal 
: Doylestown Borough Sew. Dist Conn, (New Eng.) 
= 77 N. Hamilton St Dovlestowr Craig, Clifford, Supt Sew rr i 
Pa Pa.) Pit., 310 Humiston St., Pontia 
Costello, John J.. Engr.. 631 Perine il. (Cen. St.) 
St., Elmira, N. N.Y Craig, D. F., Sew. Wks., Binchester, 
Cotta, Maurice L., Assoc. San. Engr Bishop Auckland, Durham Co., 
Farm Se Adm 734 Eng. (ISI 
o Alameda, Portland 13, Ore. (Pa Craig, Hugo B. R., Town Engr., 
N.W Box 290, Wallaceburg, Ont., Can 
Cotterell, G. T.. ( Engr.. A. 
ee I. Cotterell & Sons, 54 Victoria | Craig, J. D., Supt., Water Wks. : 
St... Westminst London, S. W Madison, Ga. (Ga 
Craig, T E., 50 Wellingto St 
¢ Cottle. Donald H.. P. O. B 131 Glasgow, Scotland (ISP) ie 
St. Matthews, (Fla } 
Cramblette, D. Sales Engr... Ih 
23 Cotton, Edwin R r.-Sec., Int ertol Co., Ir 217 White Pond 3 
Com., Pot sin. 2 Dr.. Akron 13, Ohi Ohio) 
lranspor hington 
Dual | Cramer, Cable, Supt. Cattlettsburg : 
Va Kenova, Ceredo Water Ce Ke 
hLuc a, W. Va. (W. Va.) 
( ns ner Ce } 
and. 312 E. Washineto Cramer, Howard F., Opr., Sew. Tr 
Indiana; 4 Ind. (Cen. St Pit., Beverly, N. J. 
Coulson, Bennett, Cons, Engr. 3821 | ©ranch, Eugene T., Dir. Publi ‘ 
: Fannin St.. Houston. Tex. (Ter Wks., 208 Centre Ave., Apt. 4-F, 
New Rochelle, N. Y. (NLY.) 
ils C. L.. City Engr., 53 Ma 
nle Ave Welland. Ont Car Crandall, R. C., Chief Maint. Engr. 5 
(Car Oak Terrace, Minn. (Cen. St.) 
Coulter, Ri rd Crane Frederick W Gen Mer : 
Holmes, Brie Authority, 1038 City 
“4 Couper, J., Airdr Crane, George W., N ationa Cash Crs R R Ener 
a St., Coatbridge Register Co., Dayton, Ohio (Oh P.O. Box 424, Cisnarean: Roe’ 
ME ( rtne T. Lec rane, Harlan B., Civ. Engr.-Rep ( Kan.) : 
Ut Bhver Infi Inc., 60 E. 42nd St., New there: Thomas. i 
St. “Boulder City,” Nev. (Calif) York 17, ington Pump 
UR Cousineau, A., Dir., City Planning arun. Edw. 1 rison, N. J. (A 5 
1 Dept., City H Montreal, Qu Lieb Cc 
bec, Ca Bldg... Cl 
a 
R. W.. City Engineer's Dept., | Craun, J. M 
own cp Liebing ( 
le. J. H.. Serv. Engr., Hall 
a Labs. Ir 6 Dunell Ave., Cir Craun, R. D., Supt, = 
Ohio (Ohi Rochester, Mich. A 
ioe Cowan, D. C., Clerk & Treas rawford, D. E., Town Er Lea a 
Thorold Twy Allanburg, Ont de. Ont.. ¢ : 
‘an. (val awford, H. V., General Elec 
Cowden, Burney B., San. Ener., 1 River Schenectady, N. 
Polk County Health Unit, P. O ( Asse N.\ (Fla 
Cowl, Harry C., Const. Engr., State Geological Survey Hydra Rd., 
Dept. of Healt Kanawha Ter Lab., Iowa City, Ia. (Ta.) (ISP 
race, St. Albans, W. Va. (W. Va Created. K.. Ca 
Cowles M W | Officer, ord, Murphy & Tilly, 400's E. 
Bae Hackensack Water ew Mil Adams St Springfield, Hl. (Cer 
wd, N. J NJ Dual—N.Y > st.) 
. 
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- Cunitz, Geo. R., Engr., F. G.! Damon, Nelson A., Opr., Sew. Tr. | Davies, Sherwood, Jr. San. Engr., 
‘ Browne & Assoc., Box 27, Marion, Pit., 34 Spring St. Amherst, | N. Y. State Dept. of Health, 34 
Ohio (Ohio) Mass. (New Eng.) South St., Middietown, 
: q Cunney, George A., Jr., Sales Engr Dandona, Joseph, Asst. Pit. Opr (N.Y.) 
~ 829 S. Quincy St., Arlington, Va Sew. Tr. Pit., 136 Smith St., | Davis, C. J., Jr., San. Engr., Armour 
er, (Pa.) Freeport, N. Y¥. (N.Y.) & Co., Eng. Div., Chicago 9, Ill ‘ 
: Cunningham, C. E., Opr., Sew. Tr Damoose, N. G., City Mar., City (Cen. St.) 
a Pit., Hicksville, Ohio (Ohio) Hall, Ypsilanti, Mich. (Mich.) Davis, Charles A., City San. Engr., 
Cunningham, John W., Cons. Engr., | Dandridge, John W., P. O. Drawer City & County Bldg., Denver, 
; John W. Cunningham & Assoc., 971, Durham, N. C. (N.C.) Colo. (Rocky Mtn.) 
1112 Spalding Bldg., Portland,  paniels. F. E., Pa. Dept. of Health Davis, Clarence A., Wat. Supvr., 
Ore. (Pac. N. W.) 4017, N. Second du Pont de Nemours & Co., 
Cunningham, M. B., Supt. & Engr., Pa. (Pa.) Sta. B, Buffalo 7, N. Y. (N.Y.) : 
ot Okla. City Water Dept., Rm. 203, | Daniels. P. N., S Ener.. 56 Ma Davis, Edward T., Cons. Engr., The 
Municipal Bldg., Oklahoma City, Chester Engrs., 210 E. Parkway, 
: Okla. (Okla.) Daniels R. D.. Su . Water Wk: Pittsburgh, Pa. (Pa.) 
Cunningham, Paul F., Power Supt., Dept. 291k Parkersburg Davis, Frank E., Engr., Fed. Wks 
Monsanto’ Chemical Co., Nitro | “Agency, P. O. Box 534, Lafayett 
ow we . Nitro, W. Va. (W. Va.) ox 534, Lafayette, 
“hi Dappert, Anselmo | Prin. San 
San Bernardino, Calif. (Calif.) (NY Bldg., Albany 1, N.Y. (Pac. N.W.) 
Currie, Frank S., Currie Eng. Co., Davis, H. Cons. Engr., 417 
219 Andreson Bidg., Ber- Darby, George M., Dir., Westport Commerce Bldg., St. Paul 1, Minn. 
nardino, Calif. (Calif.) Co., Westport, (Cen. St.) 
Curtis, Clive W., Sew. Pit. Opr., | Davis, H. F., Dist. Mgr., Wallace 
¢ Manteno State Hospital, Manteno, Darby, W. A., The Dorr Co., 570 & Tiernan Co., Inc., 513 S. Tryon a 
: Il. (Cen. St.) Lexingt ym Ave., New York 22 St., Charlotte 2, N. C. (N.C.) bo 
Curtis. Civ N. Y. (Pa.; Dual—N. Y.) ; 
: urtis, Frederick, Civ. Eng. Asst., mane Davis, J. D., Gen. Mgr., The Mead ai 
Dept of Pub ks., Bur of Eng., Dardel, W., Engr., Aarberg (Berne), Corp., Dill & Collins Div., Rich 
= E.. ity Hall, Van Nuys, Calif. | Switzerland (Swiss) mond & Tioga Sts., Philadelphia ve" 
Darling, E. H., Cons, Engr., 513 
Cushing, Robert, Design _Engr., | Pigott Bidg., Hamilton, Ont Can Davis, Lawrence A., Sew. Pit. Opr., 
& — (Can.) Roane-Anderson Co., Box 571, Oak 
Engrs., 948 Ash Ave., > idge, Te <y.-Ten 
: 708 City Hall, » Angele 2 avis, Martin E., oF. pr. hngr., 
Cushman, George A., Mer. of Util., Water & Sew. Dept., 21A Swee: 
P. O. Box 361, Brenham, Tex ney’s Lane, Prichard, Ala. (Ga.) 
(Tex.) Davenport, George L., Asst. N Dict St 
sner.. is “opeka ‘ 5, aN. 1 otate 
Cushman, Sumner P., Util. Opr. Co — Dept. of Health, Rm. 712, 128 E. 
st , S. Paul 5S, St., Los Angeles 37, Calif. ( ‘ e, San Antonio, Tex. 
Cusick, Arthur C., Asst. Gen, Mgr., Davey, Harold W., Supt.. Sew. Tr. 
Universal Cyclops Steel Co. Pit., 1021. Q. St., Bakersfield, "0. — 
Bridgeville, Pa. (Pa.) ham, N. C. (N.C) 
Cuttica, Hector G., Asst. Plt. Opr., avey, R. E., Town Engr., 15 Dun OT 
Dept. Public 300 Cumber- das St., E., Trenton, Ont., Can. Supt., Filt., Brighton 
land St., Brooklyn §, N. Y. (Can.) Shannon, Ga. (Ga.) 
N.Y.) Davi ae : Davis, William H., Jr., Sr. Chem ke, 
avid, Frank J., San. Supvr., Fed 
Saad Cyr, Rene, Asst. Chief Engr., Min- eral Reformatory, Chillicothe, Ohio | Easterly Sew. Tr. Pit., 4674 Rock- ae 
i istry of Health, 1570 St. Hubert (Ohio) Rd., Cleveland 5, Ohio 
St.. Montreal 24, Quebec, Can > lad; 
McBean Co., 2901 Los Feliz Bivd., | Dawes, D.. Outfall, Wks., Lewes, 
: Los Angeles 26, Calif. (Calif.) ussex, Eng. (ISI 
Dagg, RK. G., Ind. Engr., Chain Davids, Herbert W.. Jr. San. Engr., | Dawkins, M. E., Supt., Sew. Tr. Pit.. 
Belt Co., Rm. 1542, 20 N. Wacker Nassau County Health Dept., 78 niv. of Fla., Gainesville, Fla 
Dr., Chicago 6, Ill. (Ta.) S. Wellington Rd., Garden City (Fa) 
Dahl, Karl L., Stud., Rm. D-4, Tay N. ¥. Dawson, Arthur, Opr., Sew. Tr. 
‘ lor Dormitory, Lehigh Univ., Beth Davidson, A. B., San. Engr., Schen- 226 Fifth Ave., Greenport, L. I., ; 
lehem, Pa. (Pa.) ley Distilleries, Inc., 26 E. Sixth N.Y. (N.Y) 
Daigh, Robt. V., San. Eng., State St., Cincinnati 2, Ohio (Ohio) lawson, Norman, Asst. Engr., San. 7 
Bd. of Health, 1098 W. Mich. St... Davids M Dist. of Chicago, 104 S. Taylor 
Indianapolis 7, Ind. (Cen. St.) ity. 715 Ave., Oak Park, Ill. (Cen. St.) 
as Dailey, James, Asst. Opr., Sew. Tr. Blvd., Signal Mt., Tenn. (Fed. & Dawson, Thomas T., Ener., Harwood - 
Washtenaw Ky.-Tenn.) Beebe Co., Montgomery 
St... Ann Davidson, F. G., Cons. Engr., Lake Spartanburg, S. C. (N.C.) 
Rd., Valley Cottage, N. ¥. (N.Y.) Day, C. Const. & Maint. Engr., 
ale, Drake P., Civ. Engr., 39 | Davidson, J. F., Cons. Engr., David New Eastern State Penitentiary, 
Blyd., Detroit 1, Mich. son & Fulmor, 3646 Seventh St., 
Riverside, Calif. (Calif.) sraterlord, fa. 
= D'Aleo, A. R., Lehman Sewer Pipe | piyj ) > Day, Elroy K., Asst. San. Engr. (R) 
St., Brooklyn, Calco Chem. Div., American Cy U. S. P b. Health Serv., i9th & 
. ‘The. ee anamid Co., Willow Island, W. Va Constitution Ave., Washington 25, 
1 Dur. James A., Managing Editor, (W. Va.) D. C. (Fed.) 
“ngineering & Contract Record, Davi Dayton, Town of o H. O. Peter- 
‘ al —" é \ , Toronto 2B, Iron Corp., 505 W. First. Ave., son, Sew. Pit. Opr., Dayton, Ia. 
at., Vancouver, B. Can. (Can. & la.) 
Engr., Francis Pac. N. W.) Deal, Arthur V., Jr.. Engr. Insp., 
ankin Co., Ltd., 57 Bloor St ide Hampton Rds. S Dist. C 
: anki 5 X Davidson, J. K., Mar.. Se Wks ampton s. San. Dist. Comm., 
W., Toronto, Ont., Can, (Can.) Rd_ Sen I Box 1741, Norfolk, Va. (Va.) 
; Daly, Walter J., Sales Engr., Pioneer shire, Eng. (ISP) Jean, Clay H., Asst. San. Engr 
- Salt Co., 940 N. Delaware Ave., Davi S. B.. Pres. & Ge M State Dept. of Pub Health, Mont. 
Philadelphia, Pa. (Pa.) Gen. Sigr., gomery 4, Ala. (Ala.) 
Royer Foundry & Machine Co., 8 
5 Damerow, Harry W., City Hall, 158 Pringle St., Kingston, Pa. | Deane, Elmer L.. Municipal Bldg., 
Vero Beach, Fla. (Fla.) | ( Assoc.) New Bedford, Mass. (New Eng.) 
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Andrew T., San. Engr., 
of Health, 334 Bates 
Detroit, Mich 


Dempster, 
Detroit Dept 
=. Jetferson 


Engr., 


John, 


Sales 
ot., st 


Dearborn, S. Sherman 
93 Prince William 
y. B., Can. (Can.) 

DeBerard, W. W., City Engr 
City Hall, Chicago 2, Ill 


at 
( Mich.) 
Denise, William D., 
Pit., 486 Denise 
Giz.) 
Philip G., Opr., 
195 Rd., 


402 
(Cen. | 


Supt 
Supt., 


Rd., 


Sew. Tr 
Rochester 
F. Saturnino, Jr., Cons 
Caixo Postal 1631, Rio de 

iro, Brazil, S. A. (N.Y.) 
un, John W., Jr., Dist. Engr., 
rville San. Dist., 101 E. Park 

Taylorville, Ill. (Cen. St.) 
Edward P., S 


Sew r 
Great 
City Rock 
ich.) 


Carl E., Mgr., 
Mich. (M 

Joseph M., Jr. Engr., 
of Pub. Health, 42( 
N., Nashville, 


Dennis, 
ford, 
int Sew Dennis, 


Pl., Newark, 


36 Midland 


y Mer., City Hall, 
Henry M., Jr. 
Marion rp.. Kings 
m Life 

ilture, Dairy 


Mc Masters, 


achine, 


dsor, 


Engr. 
Health 


Opr 
$23 Midd 
lich.) 


w. Tre 
Grand 


§33 N 
(Mich. ) 


Engr.-in 


. Dick Const. & 
Welland, 


A 
1 Highway 
Mer., Canada Vitri 
ite, Engrs., 
tle Rock, 


‘an 


(Ark.) 
, oew. 


Jetroit 


Ark 


Engr., Di 


S. Tryon | 


 (N.C.) 
Lab., 
land 15, 
Engr 
Dept 


Jr., San 
Health 
Santa Ana, 


Ltd., St. Thomas, 
Dickinson 
115 North Spring 
Tr 
15, 


kson 


3740 
Ohio 


Calif 


Mareh, 1949 


Dietz, Irving M., Jr., Hyd. & San. 
Engr., Public Wks. Dept., U.S. 
Naval Air Sta., 3242 Topeka, 
Corpus Christi, Tex. (Tex.) 

Dietz, Jesse C., Asst. Prof., 
Eng,. Univ. of Ill., College 
Eng., Urbana, Ill. (Cen. St.) 

Diggs, R. W., Mgr., Hampton Rds. 
San. Dist. Comm., Norfolk 10, Va. 
(Va.) 

Diller, 
San 


San 
of 


Chem., Decatur 
North St., 


Walter W., 

Dist.. 1104 W 
Decatur, Tl. (Cen. St.) 

Dilworth, Harold M., Project Engr., 
Prov Yept. of Lands & Forests, 
5495 Chancellor Blvd., Vancouver, 
B. C., Can. (Can.) 

Dimmitt, Bruce S., Dist 
State Bd. of Health, 
Green Bay, Wis. (Can 

Dinsmore, H. Murray, Chem., Troy 
Sunshade Co., Troy, Ohio (Ohio) 

Dion, ¢ K., Post Rd., West 
=e 


€ 


San. Engr., 
Box 383, 
St.) 


arence 

R ( 

Consultant, 
LaFlorida, 


(New 


s Pin 
Venezuela, 
M., Chief Sar 


I 
ine-Lincoln Health Unit, 
Ont... Can. (Can.) 


Insp., St 
st 


isston nry & Sor c., Tacony 
Philadelphia 35, P rp., Pa.) 
Enegr., Bowe 
11 E. Frank 
lin Ave., Penning N (N.].) 
Dixon, F. S., } ric p. Co., 
801 E Isior lvd., Hopkins 
Minn 
Dixon, G 
sons, Brin 
donald, 5 
6, N 


Cons. Engr., Pa 
kerhoff, 
1 B 


Dixon , 43 
Worcs., Eng 


Dixon, 


Dixon, Wallace 
Dept., Billings 
Doane, Ercell J., 
Health Dept., 
Bay City, Mich 
Dobson, 
mittee, 38 
Ont., Can. 
John G., 
1 Garwood 


Bay County 
Bay County Bldg 


( Mich.) 


oan., 


Com 
Dundas 


Sew 
St 


Gordon, Chr., 
Baldwin 
(Can.) 
Wallace & Tiernan, 


Dobson, 
Trail, Denville 


Inc., 


Opr., Sew, Tr 
St Ebenezer 


Sew. Tr 
Ebenezer, 


Robert 


Seneca 


Engr., 320 


Fla 


Cons 
Sarasota, 


San. Engr., The 
303 Eddy Bldg., 


lich.) 


Dodge, H. P 
Francis Eng. Co 
Saginaw, Mich 

Doggett, William H., State Dept. of 
Health, 511A State House, Boston 

33, Mass. (New Eng.) 

Joseph, 

Eng., niv. of Il., 

ing Hall, Urbana, Ill 
Dom 

ways & 
| Gre rwich, 


Dual—N.Y.) 


Prof., Civ 
317 Engineer 
(Cen, St.) 
Div. of High- 
O. Box 377 

Eng.; 


Doland, James 
Un 


in, Joseph, Opr., 
Sews., 


Conn. (New 


> 
: 
DeBr 
Jar 
Det 
Tay : 
St 
Decher 
Comm sixth 
Decker, Curtis, 
Grafton, W. \ Engr., 
4 Dees, Ben W \ t Fenn. : 
L. Crist & As % 
Bidg., Little Roc Division, 
4 ie Geurin, P. J., City Engr. P. O Att: 7 BE HHelena, 
Box 209, Kerrville, Tex. (Tex.) Mont. (Mont F 
Degg, A., 32 Richmond Dr., Skeg- DePoy, A. G., Opr., Sew. Tr. Plt., 
; ness. Lincolnshire, Eng. (ISP) 117 Sixth Ave., S., 5. St Paul, 
le Goicoechea, Leandro, Prof., Es ee Se Disa 
cuela de Ingenieros Y Arquitectos, Derby, Ray L., Prin. San. Engr., Los Ave : 
Universidad de la Habana, Habana, Angeles Dept. of Water & Power, Carac 2 
Cuba (Fla.) Box 36¢ lina _ Annex, I Eng.) 
DeGroat, Frank N., Plt. Opr., Rock- Angeles 54, Calit. (Calit.) Disher, I 
; and Light & Power ¢ 125 High DesBaillets, C. J., Chief Engr., Tech- Cathar ry 
Me Ave., Nyack, N. Y. (N.Y.) nical Div., City Hall, Montreal, Cat 
DeHaas, Nicholas, Opr., Sew. Tr 
“ Pit Box 176. Linwood. Mass Deslauriers, A. J., City Engr. & Wa- 
f New Eng.) ter Wks. Supt., City Hall, 118th te 
DeHooghe, Bernard A., Supt., Sew Ave., Lamm = Quebec, Can. 
Ir. Pit), 212 S. Sixth St.,” Glad- 
stone, Mich. (Mich.) Desmarais, ngr., 451 
iz, Deisenrcth. Robt. J Pit. Ener Park St., Ont., Can. 3 
+ | Lane, Troy, O Ohio) : Des Moines, City of, c/o Paul Win- : 
Chem. Sac frey, Supt., S. E. 30th Vandalia 
4 | pay iio William St. New Rd., Des Moines 17, Ia. (Ta.) 
York 7. N. ¥ N.Y.) : Deuchler, Walter E., Cons. Engr., 
Eng. Serv. ¢ 63 S. LaSalle St 
leJarnette, N. M st. San. t Rd., Redditch, 
State Ba. of Health, Publi | Aurora, Hl. (Cen. St.) (ISP) 
Bidg., Atlanta Ga. (G rh, Dir., State | R. M., Prof. of San. Eng 
Jept 1 ealth of Sanita “oll 1 
Delaney, Thomas A., F Tex. A. & M. College, 507 FE. 10th 
Dearborn Sew. Tr., 55 m, Albany N St., Dallas 8, Tex. (Tex.) 
Delano, E, Huntley, Supt Engr, U. Engrs., Francis | “Sew. Rod Equip. Co., Coon Rap 
: Pit., 343 Donald Pl., S. ids, Ia. (la.) 
Rapids, Mich. (Mich.) rewart, Donald Cons. Engr., fs 
Dela penter, 200 N. Second St., Harris- 
tl Clair, Mich. burg, Pa. 
Delaporte, A. \ Chen. DeWire, Harry A., San. Ener., State 
; Chg., Exper tal Sta., Dept. of Dept. of Health, Harrisburg, Pa a 
Health, 807 Richmond St., (Pa.) 
of Toronto 3, Ont., Can. (Can.) Dice, Richard, C., Mer., Dice Chem 3 
a DeLeuw, C I Pre Deleuw Co., 3515 Third St., Des Moines : 
Cather & Co., 20. N. Wacker Dr., Ia. (Ta.) 
tag Delisle, E. A., City Engr., City Hall, Eng. Co., 75 Fit N.J : 
Shawinigan’ Falls, Quebec, Can Ont., Can. ( 
Dobstaff, R. W., Sr., 
Car Dick, R 7) Sene 
Dellasala, Jo nor. Delhan 1701 N.Y. (NY) 
(a Const. Co., I 5924 15th Ave Ariz het 
Brooklyn 19, N. Y¥. (N.Y. Dickey Dobstaii, MMMM Jr., Opr., 
Health, 105 N. Sixth St., Young Dodd, C. K. 
+ DeManr Joseph G., Chem.-Biol Sst. J Fla 
1329 Tasker St., Philadelphia 48 
Pa. (Pa.) Dickson, Ha 
Pit., 2983 Alte 
DeMartini, Frank E., San. Engr., I Mich. ( Mich.) 
S -ubli ealth Sen anc 
Cl tte, N. 
DeMichele, Francis, Chem., 218 W.  piehl, M. W., Dit 
emorest, S. L., Supt., Sew. Tr. Plt., (Ohio) 
herry St... Mason h 
iM E. Cherry » Micl Dierker, Fred H., 
ae Dempsey, W. T., City Engr., Osh 914% Lacy St [_] 
tag awa, Ont., Can Can (Calif | 
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dalia, Ohio (Ohio) 

Fenton, John V., Sec.-Treas., Car- 
man-Dunne, Inc. Professional 
Bidg., Lynbrook, N. Y. (N.Y.) 

Ferebee, James L., Chief Engr., Mil- 
waukee Sewerage Comm., P. 0. 
Box 2079, Milwaukee 1, Wis. 
(Cen. St.) 

Ferguson, Elmer L., Engr., Fed. 
Wks. Agency, 6301 Calmont St., 
Ft. Worth 7, Tex. (Fed.) 

Ferguson, G. H., Chief Engr., Dept 
Nat'l. ‘Health & Welfare, The Li 
brary, 808 Jackson Bldg., Ottawa, 
Ont., Can. (Can.) 

Ferguson, Gerald W., S. A. San. 
Engr. (R), U. S. Public Health 
Serv., 19th & Constitution Ave., 
W., Washington 25, D. 
( Fed.) 

Ferguson, Marshall E., Field Tech., 
Int. San. Comm., 110 Wil 7¥ St., 
New York 7, N. Y. (N.Y. 

Fernandez, Guillermo J., Civ. Mie. 
713 Concordia St., Santurce, P. R 
(P.R.) 

. John U., Pit. Opr., 36 E 

St., Brooklyn 18, N. Y. (N.Y.) 

"Frederick, Hyd. & San. Engr, 

Elson T. Killan, 5 Garden Hill 
Rd., Morristown, N. J. (Pa.) 

Ferris, James E., Electro Bleaching 
Gas Co., 60 E. 42ne St.. New 

i N. ¥. (New Eng.; Dual 
LY.) 


Ferris, S._G., Wat. Supvr., Calco 
Div., American Cyanamid 
317 Second St., Marietta, Ohio 

Va.) 

Ferris, T. C., P. O. Box 268, Tyler, 
Tex. (Tex.) 

Ferzacca, V. G., Treas., Pure Wat. 
Co., Logan, W. Va. (W. Va.) 
Fesperman, H. D., Supt. of Plts., 
210 Austin St., Albemarle, N. C 

(N.C.) 

Fiechter, H. R., Asst. Engr., Holing 
er, Dardel & Horler, Cons. Engrs., 
Weinbergstr. 17, Aarau, Switzer- 
land (Swiss) 

Field, Emerson and Morgan, Inc., 
Flower Bidg., Watertown, N. 
{ 

Fieldhouse, George E., Asst. Engr., 
Albright & Friel, Inc., Suite 816 

22, 1528 Walnut St., Philadelphia 
, Pa. (Pa.) 

Figs, Louis J., Jr., Supvr., Ind. Lab.. 
Tenn. Eastman Corp., 1422 Wa- 
tauga St., Kirgsport, Tenn. (Ky. 
Tenn.) 

Figeley, Paul, Supt., Sew. Tr. Plt., 
215 Third Ave., Rock Falls, Il! 
(Cen, St.) 


Filby, E. L., Prin. Asst.. Black & 
Veatch, Cons, Engrs., 4706 Broad 
way Blvd., Kansas City, Mo. 


(Mo.) 
Finch, J., Supt., Sew. Disp. Whks., 
Aldwarke, Parkgate, Rotherham, 


Yorkshire, Eng. (ISP) 

Finch, L. S., Chief Engr., Indian- 
apolis Water Co., 113 Monument 
Circle, Indianapolis 6, Ind. (Cen 
St.) 

Finck, Herbert F., Hyd. 
Ecasta Paper Corp. P. Box 

Findlay, Arthur, Opr., Main Pump 
Sta., Bird Island Sew. Tr. Pit., 
Buffalo, N. Y. (N.Y.) 


| 
ag 
ay 
a 
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Fink, 
San 
ayward 


Otto C., Sec., Castro Valley 
Dist., 20735 Lake Chabat Rd., 

Calif. (Calif.) 

Carleton S., Cons. Engr., 
beiner, Pettis & Strout, 
Ave., Toledo 4, 


Finkbeiner, 
Fink 
Jefferson 
(Ohio) 

Finney, J. Wiley, Jr., 

ungr., State Dept 
Douglas Ave., 
(Ky.-Tenn.) 


Ohio 


San 
1015 
Tenn 


Prin 
of Health, 
ishville 4, 


U.S.N.A.T.C., 
Patuxent River, 


Inst. Nac. de 

Sanitarias, Piso 3, Edificio 

L as Mer cedes, i q Tier nda Honda, 
Caracas, Venezuela 3, S. A. (N.Y.) 
, Develop. Engr., 

In 570 Lexing 

rk, 'N. Y. (NLY.) 

Dist Wallace 

Sil Payne 

ind 13, Ohio (Ohio) 

Supt., Sew. Tr. Pit., 


Ave., W. Bend, Wis 


Sew Tr 
3, 825 W 
(Calif.) 
Dept 
"Joseph 
( Mich.) 
Eng 
Suite 


Philade 


neth, San. Ex 

, 2117 W St. 
Mich 

Insp., 
816 
phia 


Sew. Disp 
Oldham 


Wks., 


Lancas 


ngr., Metro 
Somerset St., 
Eng.) 
City Bldg 
Harry ° i of Res., 
iner-Richardsor 6208 
iew Circle, Cincinnati, Ohio 


Dir., 


19th 
Washington 


e, San. Engr. 
Health 


Sery 


iry M., Asst. Engr., Dept 
Wks., 6722 Ave 
Seattle 6, Wash. (Pac 


Engr., P 
Dallas 1, Tex 


C., Sr. San 
2104, 

Hudson 


Opr., P. O 
Falls, N. Y 


Joseph, Sludge 
Hall, 
it Mass. 
zgerald, R. W., Supt., Water Dept., 
Hall, Norf “id Va. (Va.) 

‘Pa rk Engr., Long Island 
n N. Ravine, 

N Y ‘(N Y.) 
pin es E., Supt. of Pits., 
1113, Fort Lauderdale, 


Supt 


la.) 
lanagan, Pat, 
Fla. (Fla.) 
Flanders, Robert D., Sr Des ig zn 
Engr., General E 
Potter Av Wasi 


) 


Box 445, Tampa 1, 


(Pac 


Flannery, Harold J., City 
Street Supt., City Hall, San 
Calif. (Calif,) 

Flattery, M., Sr. San 
f Health, 320 
Winnipeg 


Engr. & 


Insp., Dept 
Sherbrook St., 
Manitoba, Can. (Can.) 
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Fleet, A., Sew. Wks., 
Market Harborough 
Eng. (ISP) 

Fleet, Gerald A., 
McBride Ave., 

Fleming, Dan B., Pub. Relations 
Dir., Calco Chem. Div., American 
Cyanamid ©o., Willow Island, W. 
Va. (W. Va.) 

Fleming, John, 
Van Burean Co 

Michigan 
Mich. (Mich.) 

Fleming, Julian Asst. Prof., 
& San. Eng., Univ. of Tenn, 
Lake Shore Knoxville, 
(Ky.-Tenn.) 

Fle ming, M. C., Hardinge Co., 
a. (Assoc.; Pa.) 

Paul V., 

Mass 

Adams, Mass. (New 

Fletcher, Floyd M., 
Pit., M. Ave., Salem, 
st.) 

Fletcher, W. J., 
610 Se urity 
Can 

Fling, J 
high 
(N.Y) 

Flood, Frank L., Cons 
calf & Eddy, 1300 
Boston 16, Mass 

Flood, Harold D., 
ipal I 
(New Eng.) 

Flood, T Cons 
Front St. F. 
Idaho (Pac 

Flook, S. E., Engr., 
thur, Ont.. (Can.) 

Flower, G. E., Supt., Sew. Tr 
4720 Morningside Dr., 
9, Ohio (Ohio) 

Flowers, E., 40 Station Rd., 
yellingborough, 

(ISP) 
Prod 


Sutton Rd., 
Leicestershire, 


San, 
White Plains, N. 


Pub. Health Engr., 
Health Dept., 226 
Ave., Paw Paw, 


Hyd 


5608 


Tenn 
York, 


Tr 


Fleming, 
Pit North 


Opr., Sew. 
Ave., 
Eng.) 
Supt., Sew. Tr. 
Ind. (Cen 


Cons 
Bldg 


Engr. & Surv., 
, Windsor, Ont., 


Opr., 25 Le 
Park, N. Y. 


Met- 
Bidg., 


Engr., 
Statler 
(New Eng.) 
Sew. Supt., Munic- 
ramingham, Mass 


Engr., 13th & 
Box 1761, Boise, 
N.W.) 

City 
Can 


Port Ar 


Wks.. 
Cleveland 


Finedon 
Northampton 


Mer , Meadow 


‘ontenel 

Rahway Valley 

Center St., Garwoo 

ste, H. B., Dir., State 

Health, Helena, Mont. (M 

Kenneth f 7 Fort Hale 

New Haven, C (New Eng , 

hes, E ; v. Engr., 10 First 
Auburn, Wash. (Pac. 


tle S.. Bact.-Chem 
Pub. Health, 2180 
Berkeley, Calif. (Calif.) 


a] 
State De 
Milvia St 
rgione, Jar “omm., Grove 
Ave., Metuchen, N. J. (N.J.) 
no, A. M., 1327 California 
Burlingame, Calif. (Calif.) 
rrest, Glen L., 
Municipal Bldg 
(N ) 
wren, ZT: Je, 
1509-18 Praetorian 
1, Tex. (Tex.) 
orrest, Thomas H., San 
N. Eastlake Terrace, 
Ill. (Cen. St.) 
Jose ph R , Project 
In 150 
N. (Fa) 
‘ity of, « 
City 


Dr., 


Village Engr. 
Ilion, N. 


Cons. 


Bldg., 


Engr., 


Engr., 
Chicago 26, 


Engr., 
95th 


» John Pray 
Hall, Fort 


Engr., 28 | 


Dallas 


7758 
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Fortenbaugh, J. Warren, 
Curtiss-Wright Corp., 
Rd., Buffalo, N. Y. (N.Y.) 

Fortney, Glen O., Asst. Engr., State 
Dept. of Health, Charleston, W 
Va. (W. Va.) 

Forton, Gerald, Sew. 
Foot of Franklin St., 
City, Mich. (Mich.) 

Foster, Chas., Cons. Engr., 316 Med- 
ical Arts Bldg., Duluth 2, Minn. 
(Cen. St.) 

Foster, Herbert B., 

Engr., State Dept. of Pub. “iHealth: 
Bur. of San 2180 Milvia 
St., Berkeley 4, Calif. (Calif.) 

Foster, James R., Opr., Sew. Tr, Plt. 
433 a. St., Syracuse, N. Y 
(N.Y 

Foster, iia Cons. Engr., Damon 
& Foster, Chester Pike & Hig sh Sts., 
Sharon Hill, Pa. (Pa.) 

Foster, Robert F., Sew. 
General Delivery, Ft. 
(Rocky Mtn.) 

Foster, W., 5 
Prestwich, Nr 
(ISP) 

Foster, William Floyd, San. & Storm 
Drain Engr., Los Angeles County, 
700 Fashion League Bldg., Los 
Angeles 12, Calif. (Calif.) 

Foster, William S., Eng. Editor, The 
American City Magazine Corp., 
470 Fourth Ave., New York 16, 
MN. ¥. 

Fowler, G. J., c/o 
Bangalore, South India (ISP) 

rns ler, H. D., Pres., H. D. Fowler 

P. O. Box 3084, Seattle 14, 
(Pac. N.W.) 
James D., Con 
701 Great 
allas, Tex. ( 

Leon Supt., Se 

helsea, Mich. (Mick 

Fraleigh & Schwanewede, Ener, we 
Cedar Lane, Teaneck, N. J. (N.J.) 

George W., Cons. bar. & 
Francis Eng. Co., Eddy 

Saginaw, Mich. (Mich.) 
Town of, Att: E. N. Wilk- 

Mer., Franklin, Va. 


Field Engr., 
155 Hamlin 


Traverse 


Wks. Opr., 
Logan, Colo. 


Ave., 
Eng. 


Branscombe 
Manchester, 


Central Hotel, 


ash. 
Fowler, Koch 
Life 


Engr., 
Nat'l. 
Tex.) 
Fit., 


Ch 


Francis, 
Mgr., 
Bidg 

Franklin, 
inson, Town 
(Corp., Va.) 

Franklin, W. M., Supt., Water Dept., 
City Hall, Charlotte, N. C. (N.C) 

Frank, J. A., Pres. & Gen. Mer., 
National Water Main Cleaning Co., 
30 Church St., New York, N. Y. 
(Assoc. ) 

Franks, John T., San. Engr., Seventh 
Serv. Command, 14233 S. State 
St., Chicago 27, Ill. (Rocky Mtn.) 

A. E., Opr., Water & Sew. 
Johns- Manville Research 
10 Griggs Pl., Manville, 
N.J.) 


Fraschina, 
mond-Suns Se Ir 
Lincoln San 
Calit 

Fraser, vharles_ E.., 
Eng. Cc K 10 E. 40th St., 
New York, N. ¥. (Can.) 

Randall L., Field Engr., 
County Dept. of Pub 

Lewis Pl., Hempstead 


Fraters, E. W., 


Supt., 
Pit., 


Francisco 


Fraser Brace 


Frasher, 


Sec., Armco Drain 
ge & Metal Products, Inc., Calco 
Div., 7th & Parker Sts., Berkeley 
2, Calif. (Calif.) 


Frazier, R ipt., 
Comm., City 
(Cen, St.) 


Sewerage 
“Oshkosh, Wis 


= 
: 
3 
: 
General Delivery 
Md. (Md.-De 
I 
133 N 
(Cen. St.) = 
Fish, Raymond S., Of ‘ 
Pit., Katherine Ct. N = 
lith St., Medford 
Fishbeck, Ker 
Pub. Ut 
St., Lans 
Fishburn, A : 
Albright & 
2 22, 1528 W 
2, 
Fisher, A., Supt., 
ter, Eng ISI 
Fisher 
Dist 
Fishe 
W 
Fish 
Ga 
bee 
(Ohi 3: 
Fisher, Lawrer 
U. S. Publi , 
i & Constitut 
: 
: f Pub 
W., 
N.W.) 
Fitch, Reamy a 
O. Box No I 
(Ariz.) 
Fitzgerald, J I 
Box 188 
(N.Y 
Fit 
Ag 
Dodge, Ia. (la.) 
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ae Frazza, L. F., Sales Exec., Johns- | Froehde, F. C., City Engr. & Supt. | Galloway, Robert N., Supt., Joint 
: Manville, 225 Bamford Ave., of Streets, City Hall, Pomona, Outfall Sewer, 10421 Bounie Dr., 
ee Hawthorne, N. J. (N.J.) Calif. (Calif.) | Garden Grove, Calif. (Calif.) 
‘ Frederickson, A. Anton, Mgr., Dun- | Frost, F. B., San. Engr., Mich. | Gamble, Robert A., Project Engr., 
ae can Util. Co., Pima, Ariz. (Ariz.) Stream Control Comm., P. O. Box H. A. Kuljian & Co., 1200 N 
: Freeborn, W. F., 34 Cardinal’s 87, Lansing 1, Mich. ( Mich.) Broad St., Philadelphia 2, Pa. 
Walk, Hampton-on-Thames, Mid- | Frymoyer, George, Jt Sew. Pit. At- (Pa.) 
: diesex, Eng. (ISP) tendant, 123 Ridge Ave., Coates- | Garber, William F., Chem., L. A 
Freeburn, H. M., Chief Engr., Phila- ville, Pa. (Pa.) | Co. San. Dists., 306 N. Culver St., 
delphia Suburban Water Co., 1251 | Fuchs, Abraham W., San. Engr. Dir., | Compton, Calif. (Calif.) 
¥ Montgomery Ave., Wynnewood, U. S. Public Health Serv., 2000 | Gard, Charles M., San. Engr., Emer- 
Pa. (Pa.) Massachusetts Ave., N. W., Wash- | son D. Wertz & Assoc., 391 Park 
Freedmen, Stanley P., Prod. Supt., | ington 14, D. C. (Fed.) |  Blvd., Worthington, Ohio (Ohio) ; 
3 Old Clover Distilling Co., Tunk- | Fuehrer, Carl W., Boro Engr., 21 E. | Gardner, Clarke, City Engr., Salis- 
is hannock, Pa. (Pa.) Locust St., Ephrata, Pa. (Pa.) | bury, Md. (Md.-Del.) 
5 Freeland, B. H., Supt. of Util., | Fuess, C. Edward, Supt., Sew. Tr. | Gardner, R. T., Dist. Mgr., Wallace 
3 Municipal Light & Water Wks., Pit. R. R. 2, Sturgis, Mich & Tiernan Sales Corp., 1713 S. a 
Bluffton, Ind. (Cen. St.) (Mich.) Calif. Ave, Monrovia, Calif. 
Freeman, A. B., Asst. Pub. Health | Fugate, G. L., Chief Designing Engr.. (Calif.; Dual—Ariz.) ef 
2 Engr., USPHS, Federal Bldg., San Dept. of Utilities, 631 Harvard | Garland, C. F., The Johns Hopkins $ 
‘ Francisco 2, Calif. (Calif.) St., Houston 7, Tex. (Tex.) | Univ., San. Eng. Lab., Baltimore ; 
= Freeman, A. L., 10 Green Lane, | Fuhrman, Ralph E., Supt., Blue 18, Md. (Fla.) 
: Churt, Farnham, Surrey, Eng. Plains Sew. Tr. Pit., Washington | Garland, William T., Sales Engr., 
2 (ISP) |} 20, D. C. (Md.-Del.; Dual—Fed.) Western Pipe & Steel Co. P. O. Ae 
j Freeman, Philip D., Cons. Engr., | Fuller, Andrew J., Dist. San. Engr., | Box 790, Phoenix, Ariz. (Ariz.) = 
= 201 Adams Bldg., Norfolk 10, Va. State Dept. of Health, Geneva | Garlem, Frederick G., Draftsman, G Ly 
(Va.) General Hospital, Geneva, N. Y. | Hubbard Massey, Cons. Engr., 
Freeman, W. B., Megr., Lock Joint | N.Y.) | 1217. N. Kensington St., Arlington, 
Pipe Co., 535 Cooper Bldg., Den- | Fuller, A. S., Cons. Engr., Box 785, | Va. (Va.) - 
ver 2, Colo. (Rocky Mtn.) | Prescott, Ariz. (Ariz.) Garner, J. H., Chief inp. W. Rid- a 
Freeman, William F., Pres. Wm. F. | Fuller, N. M., Supt., Tr Plt. 
Engs., High Point, N | air Ave., Batavia, N Wakefield,’ Yorkshire, Eng. (ISP) 
: Freese & Nichols, 407 Danciger Fuller, Raymond H., Cons. Engr., | Garrett, George B.. Jr., Cons. Chem., D 
é Bldg., Ft. Worth, Tex. (Tex.) Burgess & Niple, 328 Blenheim Metcalf & Eddy, 1300 Statler 7 
Frei, John K., Supt., Sew. Tr. Pits. | _Rd., Columbus 2, Ohio (Ohio) Bidz... Boston 16, Mass. (New 
Main Office, Box 191, Springfield, | Fuller, V. E.. Branch Mer., Grinnell 
Mo. (Mo.) Co., Inc., P. 0. Box 2727, Char- | Garrett, R. W.. Asst. City Engr.. 
French, C. H., Sr. San. Engr., State lotte, N. C. (N.C.) 
Bd. ‘of Health, 1409 South Oak, | Fulmer, E. C., Serv. Engr, Elec. | 
4 Little Rock, Ark. (Ark.) Chemical Co, 612 Chestnut St., | Garriga, Rafael Devi, Civ. Engr., | 
: French, R. Del., Prof. of Highway | _ Parkersburg, W. Va. (W. Va.) or St., Santurce, P. R. 
& Mun. Eng., McGill University, | Fulmer, Frank E., San. Engr., Clyde ere - i 
Montreal, Quebec, Can. (Can.) E. Williams & Assocs, R. F. D, | Garrity, L. V., 16803 Shaftsbury Rd., 
French, Robert R., San. Engr., State No. 2, Mishawaka, Ind. (Cen. St.) | — Detroit 19, Mich. (Mich.) : t 
3 Health Dept., State Capitol Bldg., | Fulmer, John O., ¥ City Chem., | Garthe. E. C., Engr., U. S. Public |. 
Frerking. A. G., Vice Pres., Dickey, | Funk, John B., Chief Engr, Dept. | 
Clay Mfg. Co., W. S., 607 Com- | of Pub. Improvements, 210 
merce Trust Bldg. Kansas City, Lexington St., Baltimore 2, Md.  Gartrell, F. E., Chief, Control Serv- : 
Frey, Richard Jr. Draftsman, Al- | Furphy. HG. Scott & Furphy, 465 
bright & Friel, Inc., 2320 Spruce “ollins St., Melbourne, C. I. Vic, | : 
St., Philadelphia 3, Pa. (Pa.) | Australia (ISP) Garvelink, Frank, Supt.. Pub. Wks., 
Frick, A. L., Jr.. Div. Mgr., Wal- | Fynn, George F., Chem., Sew. Tr Poor ; 
= lace & Tiernan Corp., 917 Ter- | Plt. 468 Taunton Pl., Buffalo 16, | Gass, George M., Sales Mar., Nat'l ' 
minal Sales Bldg., Seattle 1, Wash. | N. Y. (N.Y.) Iron Corp. Ltd., 324 Cherry St., es 
: (Ariz.; Dual—Calif. & Pac. N.W.) | Toronto, Ont., Can. (Can.) . 
ick Gates, M. D., Engr., J. B. Converse 
am | Gable, Tom S., Pub. Health Engr. | & Co., Box 917, Port Arthur, Tex 
Park, Hatboro, Pa. (Pa.) PO eee Allegan Co. Health Dept., Allegan, (Tex.) ae 
Frickstad, Walter N., City Engr. | _ ich. (Mich.) Gatewood, A. W.. Dir., Pub. Wks.. 
803 City Hall, Oakland i2, Calif. | Gade, A. H., Field Engr., Fairbanks, Pulaski, Va. (Va.) AS 
(Calif.) Morse Co., 23 Oswald Ct., Ocean- | Gatley, H. Cons, Engr., Fuller 
Friedman, Wm. H.. Asst. Sen. Exar. | N- GUY.) & McClintock, 26 Berkeley Rd.. 
a Erie County Health Dept.. 149 | Gadomski, Albert J.. Chem., Perth Maplewood, N. J. (N.J.) : 
Mayville Ave., Kenmore, N. Y. | Amboy Sew. Plt., 709 Parker St.. | Gaus, Gilbert H., Field Engr., Gard- 
“ (N.Y.) Perth Amboy, N. J. (N.J.) | ner Denver Co., 102 Rynda Rd. 
Friel, F. S.. Pres. & Treas., Albright | Gage, George, Village Clerk. Long | South Orange, N. J. (N.J.) 
5 & Friel, Inc., Suite 816-22, 1528 | Branch, Ont., Can. (Can.) Gauthier, C. W., Water Wks. Supt., 
Walnut St., Philadelphia 2, Pa. | os Belle River, Ont., Can. (Can) 
(Pa.) | Gahr, William N., San. Engr.. State | 
| Dept. of Health, Bismarck, N savan, William J., Supt., Sew. Tr. 
Friend, R. O., Lakeside Engineering Dak. (N. Dak.) | Pilt., 601 Filer, Ludington, Mich. 
: Corp., 2 % Adams St., Chi Gaillard. Loreta (Miss), City Che | (Mich.) 
cago 6, Ill. (Assoc.) | Gavett, Weston, Cons. Engr., Clyde 
é Friendly, Hugo H., San. Engr., 3950 Box 855, Corsicana, Tex. (Tex.) Potts, 973 Kenyon Ave., Plain- 
; Bronx Blvd., New York 66, N. Y. | Gaither, C. Gordon, Cons. Engr.. field, N. J. (N.Y.) 
ie (N.Y.) Howard K. Bell, Cons. Engrs., 553 | Gayin. T. W.. Chem., Ohio Dept 
Frigidaire Div., Att: H. S. Kline | tx ae St., Lexington, Ky of Pub. Welfare, Cambridge State f 
Ind. Hygiene Engr.. Ind. Hygiene | Hospital, Cambridge, Ohio (Ohio) 
Lab. Pit. 2, 300 N. Taylor St., | Galimbert, G. M., Sr. San. Engr., | Gay, William D.. Supt.. Country ; 
Dayton 1, Ohio (Ohio) | Ontario Dept of Health, 117 Ever- Pits.. Newark Milk & Cream Co, 
Frith, Gilbert R.. Asst. San. Engr., | den Rd.. Toronto, Ont., Can. | 101 McMaster St., Oswego, N. Y: 
Ga. Dept. of Public Health, 245 | (Pa.) 
State Office Bldg., Atlanta 2, Ga. | Galligan, W. E., Prof. of Eng., Ia. | Gearhart, J. N.. City Engr., Myrtle 
os (Ga.) State College, Ames, Ia. (Ia.) | Point, Ore. (Pac. N.W.) 
| 
at 
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Gearhart, John B., City Engr., On- | 
N.W.) 


tario, Ore. (Pac. } 

Gearhart, John C., Cons. Engr., 
Stevens & Koon, 1203 Spalding 
Bldg., Portland, Ore. (Pac. N.W.) 

Geary, Julius L., Opr., Sew. Tr. Pit., 
Lake Zurich, Ill. (Cen. St.) 


Geer, Howard E., Off. Engr., Nevada | 


Eng. Dept., War Memorial Bldg 
Vegas, Nev. (Calif.) 


A., Pres., Gale Oil Sep- 


52 Vanderbilt Ave., | 


(Assoc.; Mich 


Gehman, Harry W., e-Pres. & 
Gen. Mar., Merion sted Mills 
W. Conshohocken, Pa. (Pa.) 

George, Civ. Engr., Albright 
el. Inc., 518 Cypress Ave., 
‘Park 17, Pa. (Pa.) 

Gelbke, A. W., Opr., Apartado No 
141, Torreon, Coah, Mex. (N.Y.) 

Gelston, W. R., Supt., Sew. Tr. Pit., 
415 Ham shire St., Quincy, Ill. 
(Cen. St 

General Motors Industrial Waste 
Disp. Comm., Att: L. A. Danse, 
Chr., Ne: General Motors Bldg., 
Detroit, Mich. (Corp., Mich.) 


Genter, - bert L., Cons. Engr., Wy 


man Park Apts., Baltimore 11, | 


Md. (Md.-Del.) 

Gentlemen, Lawrence M., Metro 
Dist. Water Supply Comm., 20 
Somerset St., Boston 8, Mass. 
(New Eng.) 

Gentsch, Edward, Shift Opr., Sew 
Tr. Pit 3119 Harrison, Detroit 
16, Mich. (Mich.) 

George, J. E., Suj it, W ater & Sew 
Wk i ) Siloam 


hiv. Engr., Chi- 
20 S. Was hing 
(Cen, St.) 
4 Supt., Easterly 
4811 Landchester 

eland 9, Ohio (Ohio) 
S., Partner, Holmes, 


& Gere, 311 Jefferson 


ig., Syracuse 2, N. Y. (N.Y.) 
Gerhart, Edgar, Opr., Sew. Disp 

P Spring City, Pa. (Pa.) 
Simplex Valve & 


68th & Upland Sts., | 
a 


Pa. (Pa.) 
Dist Mer., Wallace 
Co., Inc., 315 Grove 
Montclair, N N.Y.) 
Murray A., Eng 
loyees Health Div., 
Security Bldg., 
. W., Washington 2 
(Fed 


Geupel, Louis A.. Office of Regional 
Housing Expedi wr, 531 S. Rother 
wood Ave., Ev sville 14, Ind 
(Cen. St.) 

Gewecke, Gordon C., Asst. Engr., 
MacCallum, 43 N. F 
Rockville Center, N. Y. 

Geyer, John C., Assoc. Prof., 
Eng., Johns Hopkins Univ., 
robe Hall, Homewood, Iti 
8, Md. (Md.-Del.) 

Gibbons, M. M.. Bd. of Water 
Comm., P. O. Box 162, Rahway, 
x. 5. BS.) 

Gibbs, Frederick S., Pres., Eng. Sales 

308-09 United Bldg 
Boston 15, Mass 


Gibeau, H. A., Dir., Pub. Wks., 5618 
Phillips Ave., Montreal, Quebec, 
Can. (Can.) 
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“Wk 
American Mill Co., 
) 


1048, Jac Fla. 
Gillett, S. Howard, Sec pneaty 


Bldg., Windsor, Ont., 


March, 1949 


Gillette, E., Scranton, Water and 
Sewage Wks., 155 E. 44th St., 
New York, N. Y. (Assoc.) 

Gilliland, Earl D., Supt., Water & 
Sew. Dept., Cleveland, Tenn. 
(Ky.-Tenn.) 

Gillis, Charles B., Civ. Engr. Assoc., 
Bur Eng. N. Common- 

f Angeles 27, 
Calif. (Calif 


Gilman, Floyd, Opr., Sew. Tr. Pit., 
19 South Ave., Manchester, N. Y. 
(N.Y.) 

Gilman, N. A., Water Supt., City 
Hall, Yakima, Wash. (Pac. N.W.) 

Girard, Francis R., Chem., Univer- 
sity of Mass., Fernald Hall, Am- 
herst, Mass. (New Eng.) 

Girard, Peter F., Asst. Chief. Engr., 
Dept. of Subways & Superhigh- 
ways, Rm. No. 700, 910 S. Mich 
igan Ave., Chicago 5, Ill. (Cen. 
St.) 

Gittins, John W., Asst. Engr., Pa 
Dept. of Health, Kirby Health 
Center, Wilkes-Barre, Pa. (Pa.) 

Glace, I. M., Jr., Cons. Engr., Ivan 
M. Glace & Assocs., 1001 N. Front 
St., Harrisburg, Pa. (Pa.) 

Glace, Ivan M., Cons. Engr., Ivan 
M. Glace & Assocs., 1001 N. Front 
St. Harrisburg, Pa. (Pa.; Dual— 
N.Y.) 


Gladding. Charles, Pres., Gladding 
Bros. Mfg. Co., Box 88, San José, 
Calif. (Calif.) 

Glass. Harry J., Mfgrs. Rep., Harry 
J. Glass & Assocs., P. O. Box 1085, 
Denver 1, Colo. (Rocky Mtn.) 

H. S. Mit.. Supt., 
‘o., Clarksburg, W. Va. (W. Va 

Robert A., Danvers Water 
Sew. Bd., 17 Hobart St., Danvers, 
Mass (New Eng.) 

Goddard, R. W., San. Engr., Dept. 
Nat'l. Health, St. John, N. B. 
Can. (Can.) 

Godshall, Horace E., Supt., Bldgs 
Grounds, Urinus College, Col- 
legeville, Pa. (Pa.) 

Godwin, Wilson A., Maint. Engr., 
W. Va. Medium Security Prison, 
Huttonsville, W. Va. (W. Va.) 

Goebelle, Norman J., Engr.. 
Galt, Ont., Can. (Can 

Goff, C. I., Supt., Sew. & Wat 
Depts., 60 W. Oneida St., Preston, 
Idaho (Pac. N.W.) 

Goff. James S., Utility Officer 
(Trainee), Veterans Admin. Hos- 
pital, Muskogee, Okla. (New Eng.) 

Goggin, John P., Cons. Engr., Box 
28, Clare, Mich. (Mich.) 

Goforth, Clyde D., Jr.. Box 2072, 
Charlotte, N. C. (N.C.) 


Gold, D. D., Res. Asst., Hydraulic 


Lab., Univ. of Fla., Gainesville, 
Fla. (Fla.) 


Goldsmith, Philip, 80 Livingston St., 
| 


Brooklyn 2, N. Y 


Goldthorpe, H. H., Supt., Sew. Wks., 


Deighton, Huddersfield, Yorkshire, 
Eng. (ISP) 


| Goldthorpe, Jack C., Sales Engr., 


Worthington Pump & Mach. Corp.. 
1140 Woodward Bidg., Washing 
5 a.) 


ton 5, 
Golly, M. R., Asst San. Engr., Til 
Dept. of Pub. Health, Div. of San 
Eng., Springfield, Il]. (Cen. St.) 
Gonyou, Everett L., Engr., Fed. 
Wks. Agency, 5703 Leith’ Walk, 
Baltimore, Md. (Fed.) 


Gibson, Loren H., Purdue Univ., 315 
oe E. Altgeld St., South Bend, Ind. ‘oe 
A (Cen. St.) 
Gibson, William C., San. Engr., 
School of Public Health, North | 
Carolina Univ., Chapel Hill, N. C 
(Mich.) 
Wks. Eng., 24 W. 40th St., New | 
Gidley, H. K., Assoc. Eng., State | 
= New York. N Chapel Hill, N. C. (W. Va.) | : 
a Dual—Pa Giesey, J. K., Div. Engr., Lake Erie | : 
Water Project, 2243 Scottwood | 
oS Ave., Toledo 10, Ohio (Cen. St.) | x 
x Gifford, J. B., Chem., Sew. Disp. } 2 
Pit., 1125 Maple Michigan | 
City, Ind. (Cen. St.) 
; Gifford, Ray P., Supt., Sew. System, : 
Enid, Okla. (Okla.) 
Gifft, H. M., Assoc. Prof. of San. | : 
Eng., Cornell Univ., School of | 
Civ. Eng. Ithaca, N. Y. (N.Y.) | : 
Gigg, W. J., Clerk-Treas., Twp. | 
Whitney, Porcupine, Ont., Can. | - 
: (Can.) | 
es Gilbert, H. L., Cons. Engr., 406 
Governor Bldg., Portland 4, Ore. 
(Pac. N.W.) } 
Gilbert, J. J.. Link Belt Co., 201 
Wheat Sheaf Lane, Abington, Pa. A 
4 (Pa.) 
Gilbert. J. Miles. Civ. Engr., 8101 
W. Main St., Belleville, Ill. (Fla.) 
Gilbertson. Wesley E Past Asst. | if 
i Engr. (R), U. S. Public Health | 
; Serv., 605 Volunteer Bldg., Atlanta | 1 
3, Ga. (Fed.) 
& | Gilchrist, Tom. Clerk, Guelph Twp., | ; 
Sprit 20 Douglas St., Guelph, Ont., Can. | 
: Gerard, F (Can.) 
cago San Gilcreas, F. Wellington, Asst. Dir., | 
ton St., Div. of Labs. & Res., State Dept. 
Gerdel, W of Health, New Scotland Ave., Al- | 
? Sew. Tr bany 1, N. Y. (New Eng.; Dual— | ; 
Rd., Cle N.Y.) 
a, Gere, W Gilder, E. L., American Cast Tron | 
O’Br Pipe Co., Birmingham, Ala 
| Giles J. Henry L., Assoc. San. Engr, | 
— State Dept. of Health, 26 Linnard 
: Rd., West Hartford 7, Conn. (New 
Eng.) 
Gilfry, Grant S., Asst. Army Engr., | 
= G 822 W. Second Ave., Cheyenne, * 
Bs Wyo. (Rocky Mtn.) = 
Gill, John B., Sales Supvr., Transite 
G Pipe Sec., Johns-Manville Sales 
Corp.. 116 New Montgomery St., 
a San Francisco 5, Calif. (Calif.) | : 
a Gill, L., County Health Dept., _ 
at County Hall, Taunton, Somerset, fe 
Eng. (ISP) 
cae Gill, Paul, Ener., N. Y¥. Central Rail- 
Co., Con! Mining Dept... 725 | 
Gi | 
4 
a Gi 325 W toe 
Gillard, J. F., Supt., Sew. Wks., | 
Heatcote, Warwick, Eng. (ISP) 1 
a Gillespie, C. G., Consultant, USPHS ; 
a 239 W. Wilson St., Banning, Calif ; 
(Calif.) | 
Gillespie, Wylie W., Cons. Ener., 
Box 
nh.) 
Wind- 
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Gooch, E. W., City Engr., 210 
Lottie St., Bellingham, ‘Wash. 
(Pac. N.W. 


Good, Wayne, Cpr. Sew. Tr. Pit., 
Bond Ave. Washington St., 
Marion, Ind. St.) 

Goode, N. J., San. Engr., Dept. 
Nat’l. Welfare, 413 P. 
O. Bidg., Regina, Saskatchewan, 
Can. (Can.) 

Goode, W. B., Engr. & Chem., Va. 
Woolen Co., Winchester, Va. (W. 
Va.) 


Sew. Tr. 


Goodfellow, J. W., Opr., 
Pit Somerdale, 


, P. O. Box 181, 

N. J. (N_J.) 
Gooding, R. U., Sec.-Mgr.. - 
ington-Normal San. Dist., 605 
Normal Ave., Normal, Ill. (Cen. 


Graham, R. H., 31 Chassels St., Coat- 
bridge, Lanarkshire, Eng. (ISP) 
Graham, William, Foreman, Waste 
Water Disp., Richfield Oil Co., 
Watson Refinery, P. O. Box 787, 

Wilmington, Calif. (Calif.) 


| Gran, Dr. John E., Prof. of Chem- 


St.) 

Goodman, Arnold H., Supt., Sew 
Tr. Pit., 363 Downing Rd., River- | 
side, Ill. St.) 

Goodm Chem., Sorg Paper 


Co., Middletown, Ohio (Ohio) 
Goodnight, V. L., City Engr., Cor 

vallis, Ore. (Pac. N.W.) 
Goodridge, Harry, City Engr., City 

Hall, Berkeley 4, Calif. (Calif.) 
Goodwin, S. E., Ontario Dist. Mer. 

Chas. Warnock & Co., Ltd., 604 


Harbour Comm. Bldg., Toronto, 
Ont., Can. (Can.) 
Goodwin, Sherman J., Opr. Engr., 


3505 W. Arkansas Ave., 
Colo. (Rocky Mtn.) 


Gordon, Arthur, Enegr., Gordon San 
Systems, Corp., 303 W. Division 
St., Chicago 10, Tll. (Cen. St.) 

Gordon, Charles W., Chief Engr., 
Drying & Incineration Dept., Com- 
bustion Eng. Co., Inc., Raymond 
Pulverizer Div., 3919 N. Branch 
St., Chicago 22, Ill. (Cen. St.) 

Gordon, Neal M., City Engr., City 
Hall Bldg., Danville, Ky. (Ky.- 
Tenn.) 


Gorman, A. E., Dir., Water Div., 
Off. of War Util., 5420 Harwood 
Rd., Bethesda 14, Md. (Fed.) 

Gorman, Richard C., Jr., Dist. San. 
Engr., State Dept. of Health, 44 
Genesee St., Hornell, N. Y. (N.Y.) 

Gorman, William A., Pa. Dept. of 
Health, Harrisburg, Pa. (Pa.) 


Denver 9 


Gotaas, Harold B., Prof. of San 
cng., Univ. of ‘Calif. Rm. 10, 
Eng. Bldg., Berkeley 4, Calif 
(Calif.) 


Gothard, N. J., Asst. Chief Chem., 
Sinclair Refining Co., East Chi- 
cago, Ind. (Cen. § 


istry, Univ. of Alabama, c/o School 

of Chemistry, 

(Ala.) 

Grand Junction, City of, Att: City 

ur., Gran unction, Colo. 
(Corp., Rocky Mtn.) 

Granger, Dale W., San. Engr., Lan- 
del Metro. Dist., P. O. Box 236, 
S. Lansing Sta., Lansing 9, Mich. 
( Mich.) 

Granger, George M., Deputy Supt. of 
Sewers, City Hall, 26 Court St., 
Springfield, Mass. (N. Eng.) 


University, Ala. 
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Granstrom, Marvin L., Inst., San. | 


Eng., Case Inst. of Techn., Uni- 
versity Circle, Cleveland 6, Ohio 
(Ohio) 

Grant, Howard L., Vice-Pres., M. T. 
Garrett Eng. Co., 1806 Milam St., 
Houston 3, Texas (Tex.) 

Grant, J. Stuart, 144 Keefer St., Ot- 
tawa, Ontario, Can. (Can.) 

Grant, Roy M., 
Forest, Ontario, Can. (Can.) 

Grantham, G. R., Univ. of Fila., 
Dept. of Civil Eng., Gainesville, 
Fla. (Cen. St.) 

H., Opr., Sew. Tr. Pit., 


310 udson Ave., Wildwood, 

N. J. (NJ. 
Graves, P Prof. of San. 
Eng., Okla. M. College, 


Dept. a Civil Eng., Stillwater, 
Okla. (Okia.) 

Graves, Wallace M., Engr.. C. J. 
Kupper, Cons. Engr., Prospect 
Ave., New Market, N. J. (NJ 

jraves, Walter C., 215 Geil 
Salinas, Calif. (Calif.) 

Gray, C. L., Sew. Pit. Opr., | 
Co. San. Dist., 2209 4th St., S., 
Trondale, Ala. (Ala.) 

Gray, Earl Wayne Co. Rd. 

“omm., 210 St., Ply- 
mouth, Mich (Mich.) 


| Gray, Harold F., San. & Hydr. Engr., 


2540 Benvenue Ave., 


Berkeley 4, 
Calif. (Calif.) 


| Gray, J. P., Chem., New York & Pa. 
Cc 100 W. 


Gould, Richard H., Dir., Div. of | 


Eng, Dept. of Pub. Wks., Rm. 
1800, Muni ipal Bldg., New York, 
N. ¥. CNY.) 

Graber, Ralph C., San. Engr., U. S. 
Public Health Serv., Social Security 
Bldg., 4th and Independence, Wash- 
ington, D. C. 

Grabowski, John J., 1522 Middle St., 
Sharpsburg, Pa. (Pa.) 

Graf, Walter, City Engr., City Hall, 
Lancaster, Ohio (Ohio) 
Graham, Edward J., Opr.. 
Pit.. 1810 Third "Ave., 

N. ¥. (N.Y.) 

Graham, J. A., Sewage Works, Na- 
burn, York, England (ISP) 

Graham, James E., Supt., Sew. Tr. 
Pit., Berrien Springs, Mich. 
(Mich.) 

Graham, Maynard, Water and Sew. 
Supt., P. O. Box 222, Loveland, 

Colo. (Rocky Mtn.) 


Sew. Tr. 
Watervliet, 


‘o., Inc., Center St., 


Johnsonburg, Pa. (Pa.) 

Gray, William, San. Insp., Bd. of 
Health, Keele & Elora Rd., To- 
ronto, Ontario, Can. (Can.) 

Grebe, Karl A., Pit. Engr., Lehigh 
Structural Steel Co., Foot of Allen 
St., Allentown, Pa. (Pa.) 


| Greeley. Richard F., Inst. of Inter 


American Affairs, Apartado 23 Bis, 
Mexico, D. F., Mex. (N. Eng.) 


Greeley, Samuel A., Cons. 
Greeley & Hansen, 220 S. State 
St., Chicago 4, Ill. (Cen. St.) 

Carl E., Cons. Engr., Cun- 

& Assoc., 1112 Spalding 

Bldg., Portland, Ore. N. W.) 

Green, Hayes, Fla. State Hosp., 
Chattachoochee, Fla. (Fla.) 

Green, Howard R., Cons. Engr, H. 
R. Green Eng. Co., 208-210 Bever 
Bldg., Cedar Rapids, Iowa (Towa) 

Green, Richard S., San. Engr., U. S. 
Public Health Serv., 19th and 
Constitution Ave., Washington 25, 
D. C. (Fed.) 


Green, Stewart G., San. Engr., 13545 
First Ave., N. E., Seattle 33, 
Wash. (Pac. N. W.) 


Town Clerk, Mount | 


417 


Gresham, Ore fac. N. W.) 


Greenawald, ray B., Vice-Pres. & 


Gen. Supt., Carpenter Steel Co., 
Reading, Pa. (Pa.) 

Greene, R. A., Chem ae 
Pit., 511 N. Elm Jackson, 
Mich. (Mich.) 

Greenfield, H. C., San. Engr., State 


Dept. of Health, 233 Maple Ave., 
Trenton 8, N. J. 

Greenleaf, John W., 7 S. Oa 
land Ave., Villa’ Park, 7. ON. 
Eng.) 

Greenwood, W., City Engr., Sarnia, 
Ontario, Can! (Can.) 

Gregory Sanitary & Mun. Ref. Lib., 

ohn H., Rm. 229, x Hall, Co. 
umbus 15, Ohio (Calif.) 

Gregory, Ted. R., Div. Mgr., Hoad- 
land Findley Eng. Co., 1112 Wel- 
lington Ave., Pasadena, Calif. 
(Calif.) 

Greiff, Victor C., Elec. Engr. 
City Dept. of Public Works, 159 

( 


Greig, John M. M., Ramage" Clinton 
L. Bogert Eng. Assoc., 624 Madi- 


son Ave., New York 22, N. Y. 
(N.Y.) 


Grelick, David, Mech. Engr., N. Y. 
City Dept. of Public Works, 100 
Van Cortlandt Park, S., New York, 
N. ¥. (N.Y.) 

Grey, or a Charles, San. Engr., c/o 
Mrs. C. rey 42 S. Fulton 
Ave. , Baltimore, fd. (Ky.-Tenn.) 

Grieve, Jr. R., 9 Bramley Mansions, 

Ewell Rd., Surbiton, Surrey, Eng. 
(ISP) 
Griffeth, F. B., Sales Engr., Wallace 
Tiernan Co., Inc., 424 Univ. 
ldg., Syracuse, N. (N.Y.) 

Griffin, A. E., San. Bag. Wallace & 
Tiernan, Inc., Sunset ne. Pomp- 
ton Plains, N. J. (N.J.) 

Griffin, DeWitt C., DeWitt C. Grif- 
fin & Assoc., 717 Lloyd Bldg., Se- 
attle 1, Wash. (Pac. N. W.) 

Griffin, D. P., Dist. Engr., State 
Dept. of Health, 498 Forrest Ave., 
Mansfield, Ohio (Ohio) 

Orie, Guy E., 45 Valleywood Rd., 

Cos Cob, Conn. (N. Eng.) 


| Griffith, J. L., Chief San. Ins 


| 


Court House, Woodstock, ‘Ontario, 
Can, (Can.) 

Griffith, L. B., San. Engr., Contact 
Aeration Sew. Tr. Co. 805 G 
St., N._W., Washington 1, D. C 
(Tex.; Dual—Pa.) 

Griffith, Llewellyn B., Pres., Con- 
tact Aeration Co.. 805 G St., N. 
W., D. C. (Va.)' 

Griffiths, J., Ellerdene Rd.. 
Hounslow, Middlesex Eng. (ISP) 

Grimmer, A. K., Town t. Engr., 
Canadian International Paper Co.. 
Temiskaming, Can. (Can.) 

J. Sanitarian, 

&. Public fiealth Serv., Rt. 

Box 36, Montgomery, Ala. (Fed.) 

Russell, Supt., Sew. Tr. 

Munici ¥) Bldg., Birmingham, 

Mich (Mic 


| Grippi, Vincent, San. Engr., Kei 


is & 
Cons. Engrs., 40 North 
Mt. Vernon, N. Y. a Y.) 


| H. § Ind. 


San. 
State of Health, E. Van 


es , Washington, Ind. (Cen 
| Groen, Michael A., aot Sew. Tr. 
Plt., 2701 Greenfie Rd., Dear- 
born, Mich. (Mich 


= 
5 
j 
; 
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RS Groff, Giibert, Asst. Dir., Div. of | Haddock, Fred R., Chief Engr., Rob- | Hall, Walter C., Supt., Sew. Tr. : 
San. Eng., State = Filter Mfg. Co., Darby, Pa. Rd., Tuc- 
ere Bismarck, N. Dak. (N. Dak.) (Pa.) son, Ariz. (Ariz. ; 
“5 Gross, Carl D., Prin. San. Engr., | Hadley, Henry, City Engr., City | Hallam, Glenn C., Supt., Water & 4 
ae: State Dept. of Public Health, Hall, Verdun, Quebec, Can. (Can.) Sews., 235 B St., Orofino, Idaho zi 
a Springfield, Ill. (Cen. St.) Haemmerlein, Victor E., Engr., Vil- (Pac. N. W.) ees : 
ome Gross, Charles E., Dir. of Lab. Res., lage Hall, East Aurora, N. Y Hallden, Otto S., Dist. San. Engr., 
pe Morrell & Co., Iowa Ave. & Hayne | (N.Y.) State Bd. of Health, 116 W. South 
at St., Ottumwa, Iowa (Iowa) Hagadorn, Lester T., Sr. Engr., Wil St., Mt. Sterling, Ill. (Cen. St.) 1S 
“9 Gross, Dwight D., Chief Engr., Bd son & Co., Engrs., P. O. Box 518, | Hallgren, E. N., E. N. Hallgren 
— of Water Comm., City and County Salina, Kan. (Kan.) Co., 1252 First Ave., S., Seattle, 
pe Bldg., Denver, Colo. (Rocky Mtn.) Hagar, Major C., Supt., Mun. Wa- Wash. (Pac. N. W.) : 
ake Gross, Fred. W., Jr., Opr., Sew. Tr. ter Dept., City Bldg., Lawrence Hallock, Donald N., San. Engr., : 
a Pit., 255 N. Broadway, N. Tarry- Kan. (Kan.) Quiriquire Camp, Caripito Estado % 
a town, N. Y. (N.Y.) Hagefstration, John E., Jr. Chem Monagas, Venezuela, S. A. (New aS 
¢ Grossart, L. J. H., Cons. Engr., L. Engr., State Dept. of Public Eng.) , : 
a) J. H. Grossart & L. Phaon Gros Health, 2706 Acklen Ave., Nash Halpin, John, Treas., Port Washing- : 
a sart, 816 Chew St., Allentown, Pa ville, Tenn. (Ky.-Tenn.) ton Sew. Comm., 18 Park Ave., : 
<3 (Pa.) Hager, Everett G., Ind. Wastes Port Washington, N. ¥. (N.Y.) s 
. Grover, Forest E., City Engr., 167 Engr., Bur. of Eng., Sewer De Halvorson, H. O., Prof. of Bact., ‘ 
; Linden Ave., Council Bluffs, Ia sign, 7659 Boeing Ave., Los An- Univ. of Minnesota, 215 Millard 
¥ (Ta.) geles, Calif. (Calif.) Hall, Minneapolis 14, Minn. (Cen. t 
a Grover, Robert H., Plt. Opr., Sew. | Hager, Fred, Opr., Sew. Tr. Pit., St.) : 
~ Tr. Pit., 18 Princeton St., Willis 123 North Ave., Barrington, II! Hambleton, F. T., Opr., Outfall 
: ton Park, L. I., N. Y. (N.Y.) (Cen. St.) Wks., Prestbury Nr. Macclesfield, = 
‘* Growdon, H. C., Supt. of Water, | Hagerla, Donald E., Chem., Berg Cheshire, Eng. (ISP) ~ 
eT 2804 Sherman Rd., Portsmouth strom Paper Co., Neenah, Wis Hambrick, James H., Cons. Engr., = 
; Ohio (Ohio) (Cen. St.) | ae: Box 448, Fayetteville, W. : 
= Grubb, William H., Sew. Plt. Opr., | Hagestad, H. T., Cons. Engr, River | Va. (W. Va.) 3 
- Dwight Reformatory for Women, Falls, Wis. (Cen. St.) Hamilton, G. M. Designing Engr., . 
“f 208 West South St., Dwight, III Hagey, C. R.. Professional Eng City Engrs. Office, 1020 Main : 
(Cen. St.) 134, Ft. Brie "Ont.. St W., Hamilton, Ont., Can. 
eo Grube, Karl W., Supt. of Eng. & (Can.) (Can.) : 
Ee Maint ,, Superior Steel Corp., Car- Haimes, James, City Engr., City Hamilton, Geo. W., Mer., San. Sec r 
ce negie, Pa. (Pa.) Hall. Lethbridge, Alberta. Can Project Plan. Bur., Tenn. Valley ; 
sae | Gruber, C. R., Chem., Sew. Tr. Plt., (Can.) sibs Authority, 1731 Valley View Rd., 
i 324 S. Boston St., Galion, Ohio | fyaiss, Carl E.. San. Engr.. State Knoxville, Tenn, (Ky.-Tenn.) S 
: | (Ohio) Dept. of Pub. Wks., 165 Second Hamilton, H. L., Town Foreman, a4 
| Gruendler, Wm. P.,  Secy.-Treas., St., Troy, N. Y. (N.Y.)_ Amherstburg, Ont., Can. (Can.) 
Gruendler Crusher & Pulverizer | Bahif Al. Grad. Stud.. Univ Hamilton, L. A., Asst. Chem., 
3 2915 N Market St., St. Louis, 123 Main Minn.-St. Paul San. Dist., 5445 
Mo Minneapolis 14, Minn. (Cen. St.) Minneapolis 10, 
Gruss, A Western Sales Mar.. al I > Bo 205 en. ot. 
The American Brass Co., 235 Bom £205, Hamilton, R. F., Cons. Engr., 423 
Montgomery St., San Francisco E. Center St., Pocatello, Idaho 
Calif. (Calif.) Hale, Harrison, Prof. of Chem (Pac. N. 
Gruss, John G., Civ. Engr., Albright : il ) 'Y | Hamilton, Robert C., ( ity Chem.- 
and Friel, Inc., 4638 N. 13th St ipt., ‘Dept. of Water Wks. & 
anc ie 638 } 3th St., Supt., Dept. o ate s. & : 
: Philadelphia 40, Pa. (Pa.) Hale, Harry C., Supt., Sew. Wks., Sew., Elizabethtown, Ky. (Ky.- “ 
PO. ie Lamar, Mo. (Mo.) Tenn.) 
P R. 30x Hamlin, W. G., Prop. Dept., Proc- 
‘ remon sidg., ston 8, or & G: Eng. Div. M. 
Halff, Albert Jr. Asst. in San Ohio (Ohio) 
Gurnham. ( Hamm, William C., Supt., Port 
lege. Medford 55. Mass. (N. Eng Ave., Port Washington, N. Y 
S. | Hall, Frank H., Plt. Opr., 181 Elder (N.Y.) 
‘Domini Truck Equip I td. berry Rd., Mineola, N. Y. (N.Y.) | tammann, Charles G., Pub. Health 
“1g 60 Ottawa St. Kitchener Ontario. | Hall, G. D., G. D. Hall & Assoc., Engr., Blackstone Valley Sew : 
Can. (Can.) sh aig 416 A. E. Larson Bldg., Yakima, Dist. Comm., 212 State Office : 
ca scose Cor wistawn. Ps all, Geo. Ass Engr., State Ng 
(Pa Dept. of Health, 302 State Depts Hamme, Donald G., Sales Engr., 
Bidg., Columbus 15, Ohio (Ohio Nat'l. Gypsum Co., Clarence Cen- 
pt. No. 1. Valles Dua Pa.) ter, N. Y. (Pa.) 
Ohio (Ohio) Hall, Geo. L., Asst. Supt., Bloom Hammerton, C., 101 Whitmore Rd., 
yey Guy, L. E., Supt.. Sew. Tr. Plt.. 207 ington-Normal San. Dist., R. R. 3 W. Harrow, Middlesex, Eng. (ISP) 3 
Lisbon St Carrol ton, Bloomington, Ill. (Cen. St.) Hammond, Connor M., Jr., Reg 
‘eg (Ohio) s . Hall, Harry R., Chief Engr., Wash Prof. Engr., Gen. Eng. Co., 309 
Gein. ington Suburban San. Dist., Hy 35th. S., Seattle, Wash. (Pac 
Lewis L201 Aldrich Ave., | attsville, Md. (Md.-Del.) N. 
Gyatt Hall, John W Cons. Engr., Ft Hammond, F. D., Supt., Sew. Wks. 
Bur. Tr., Shaw, Mont. (Mont.) Pit., 433 North Main St., Canton, 
NY) Syracuse, N. Y. | trai, Raymond E., San. Engr., Plas- | Ill. (Cen. St.) 
ae kon Div., Libbey Owens Ford Glass | Hammond, Harry P., Dean, School 
aa Co,, Lucas County Court House, of Eng., Pa. State College, State :: 
he Haag, Gerald, Plt. Opr., Sew. Tr Toledo 2, Ohio (Ohio) College, Pa. (Pa.) 
ee Pit., Box No. 6, Greendale, Wis Hall, Robt. L., Civ. Engr., Ralph Hammond, Robert H., Civ. Engr., 
ee (Cen. St.) L. Woolpert Co., Box 242, Trot- 5423'2 Carlton Way, Los Angeles 
Habermehl, C A., _Supvr wood, Ohio (Ohio) 27, Calif. (Calif.) 
4 Chem.. Dept. of Wat. Supply Hall, S. P., Cons. Engr., 128 Gra Hammond San. Dist., Att: Carl B. 
aie Sew. Tr. Plt., 9300 W. Jefferson ham Ave., Eau Claire, Wis. (Cen Carpenter, Supt., 5135 Columbia 
4 Ave., Detroit 17, Mich. (Mich.) St.) Ave., Hammond, Ind. (Corp., Cen 6 
es Hackett. Peter, Opr., Sew. Tr. Pit., | Hall, W. H., Dean of Eng., Duke |  t) as 
m 20 Willow Ave., S. Nyack, N. Y. | Univ., College Sta., Durham, N.C Hampton, Quentin L., 424 Hancock aa 
(N.Y.) ! (N.C.) Ave., Vandergrift, Pa. (Pa.) 
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Hamrick, J. L., Jr., St. Wat. | Harley, Frank E., Civ. ee. 


| Hartung, N. E., Opr., Sew. Tr. Pit., 
Control Bd., 815 ranklin St., | burn Trust Co. Bldg | 627 Seminary Richland Cen- 
Richmond, Va. (Va.) | 244, Fair Lawn, N. sf ter, Wis. (Cen. 
3 Haneman, A., Jr., Dist. Engr., State Harman, Jacob A., Cons. og Ja- | Harvey, Arthur 2 Chief En 
Dept. of Health, P. O. Box 1495, | cob Harman, Inc., 144 Fre- Gardner-Richardson Co, Middle- 
Lubbock, Tex. (Tex.) donia Ave., Peoria 5, Ill. (Cen. town, Ohio (Ohio) 
Hanes, Gilbert C., Chief, San. Unit St.) Harvey, Carl, Supt., Sew. Tr. Pit., 
Repairs & Util. Div., Hdqrs. Sixth | Harmeson, Donald K., San. Engr., |  4819° St. Paul Blvd., Rochester, 
Army, 1212 24th Ave., San Fran- | Portland Cement Assn., 50 Supe- | ’ N.Y.) 
cisco 22, Calif. (Calif.) | rior St., Oak Park, Ill. (Cen. St.) | Harvey, Chester, Stream Insp., Mich. 
Haney, Paul D., San. Engr., Envi- Heme, Robert H., Dist. Engr., | tream Control Comm., 1118 
ronmental Health Center, Rm. | Ill. State Dept. of Health, 824 W. | Beechwood, N. E., Grand Rapids, 
302, Kroger Bldg., Cincinnati ae Columbia Ave., Champaign, Ill. Mich. (Mich.) 


Ohio (N.C.; Dual—Fed.) 


Hankin & Co., Ltd., Francis, 2028 
Union Ave., Montreal, Quebec, 


(Cen, St.) | Harvey, J. B., 1 Motney Hill, Rain- 
Harmon, William C., Pit. Opr., Blas- | ham, Kent., rng (ISP) 
dell Br. 19, 129 Miller Ave., Buf- 


| Harvey, J. R., St. Dept. of Health, 

Can. (Can.) falo, N. Y. (N.Y.) | 608-9 ah Co. Trust Bldg., 
Hanks, W. W., Elec. E. | Meadville, Pa. (Pa.) 

Serv. Co. 714 W. rade St., 9 Codding St -rovidence 

Charlotte, N. C. (N.C.) (Assoc. ) W Ave 
Hanlon, A. Supt., =. Heap, Tr. Spokane 9, Wash. (Pac. N. W.) 

824 ewar'l St., Jest alm . Box 106, Lompoc, 

Beach, Fla. (Fla.)" | Calif. (Calif.) 
Hanlon, Joseph B., 23 Hatherly Rd., | Harr, Neal, City Engr., McPherson, Benito, Fes (Tex.) 

Wollaston 70, Mass. (New Eng.) Kan. (Kan.) Harwell, G. A., Pub. Health Engr., 
Hanna, George P., Jr., San. Engr., | Harrington, J. B., Dir., Div. of San. Laclede Co. Health Dept., Leba- 

Holmes, O’Brien & Gere, Cons. | Eng., State Dept. of Health, non, Mo. (Mo.) 


Engrs., 140 Kappesser St., Syra- Charleston 5, W. Va. (W. Va.) 


cuse 8, N. Y. (N.Y.) Harris, J. F., Stroudsburg Septic 
Hansell, William A., Jr.. Co. San. Tank Co., 312 Main St., Strouds- 

Engr., 434 S. Hill St., Griffin, Ga. burg, Pa. (Pa.) 

(Ga.) | Harris, Robert R., Sr. San. Engr 
Hansen, Alfred E., Cons. Engr., (R), USPHS, Swan Island Bldg 

Mich. Theatre Bidg., Muskegon, 24, Portland 5, Ore. (Ky.-Tenn.) 


Mich. (Mich.) Harris, Roy M., Chief San. Engr., 


Haseltine, T. R., San. Engr., The 
Chester Engrs., R. F. D. No. 2, 
Box 103A, Dorseyville Rd., — 
burg, Pittsburgh 15, Pa. (Pa. 
Dual—Calif.) 

Hasenpflug, Geo., Supt., Sew. Tr. 
Pit., Geneva, Ohio (Ohio) 

Hasfurther, Wm. A., Prin. San. 


Hansen, Carl, Chief Opr., Alisal San. | Creole Petroleum Corp., Medical | Engr., St. Dept. of Pub. Health, 

Dist.. P. O. Box 87, E. Salinas, | Dept., Apartado 889, Caracas, | Div. of San. Eng., Springfield, Il. 

Salinas, Calif. (Calif.) | Venezuela, S. A. (Pac. N. W.) | (Cen. St.) 
Hansen, Chris A., Asst. San Engr. | Harris, Stanford, Supt., Water Dept., | Hasie, Coleman L., Engr., P. O. Box 

(R), U. S. Pub: Health Serv., 605 Goldsboro, N. C. (N.C.) 1139, Lubbock, Tex. (Tex.) 

Volunteer Bidg., Atlanta “% Ga. Harris, T. R., Pres., Eng. Serv. Haskins, Charles A., Cons. Engr., 

(Fed.) Corp., Rm. 106, Decatur Club Finance Bldg., Kansas City, Mo. 
Hansen, Herbert W., Supt., Sew. Bidg., Decatur, Ill. (Cen. St.) (Mo.) 


Tr. Pit., 752 E. Highland Ave., 


Harris, Thomas, Sew. Tr. Haslett, R. N., It. Opr., Clay- 

Ravenna, Ohio (Ohio) Pit.. 5826 L. 1, ton Disposal 73 Poke View 
Hansford, A. E., Chief Opr., Sew. N. W.. GF.) Dr., N. E., Atlanta 3, Ga. (Ga.) 

Disp. Pit., 70 Argyle St., Strat- | Harris, Thos. B., 810 W. Lullwood | Hastain, James E., Cons. Engr., 

ford, Ont., Can. (Can.) Ave., San Antonio 1, Tex. (Tex.) 1114 North 7th St., Phoenix, Ariz. 
Hanson, George I., Opr., Sew. Tr. Harrison, John, San. Dept., 32 Low- (Ariz.) 

Pit., Boston Post Kd., Marlboro, | ther St.. Kendel, West Moreland, | Hastie, James, Supt., Great Neck 
| Eng. (ISE) Sew. Dist.,’ 236 E. Shore Rd., 
janson, Harry G., P. A. San. Engr s 0 Great Neck, L. I., N. Y. (N.Y.) 


Off. of the Surgeon Gen., Washing- | Palo Att, | Hastings, Richend G.. Je. 


ton 25, D. (N. Dak.: Dual— | Draftsman, 4112 Park Ave., Rich- 


Fed | upt., mond 21, Va. (N.C.) 
Hage F. P., City Engr, City am Hal . City, lich. | Hastings, W. E., Supt., Wat. & Sew. 
Hall, Anaheim, Calif. (Calif.) Dept., Mt. Morris, N. ¥. (N.Y.) 


Harrison, W. Maurice, Chem., Pub. 
W. A., Ed., Pub. Greg. | Hatch, B. F., Civ. & San. Engr., 
E. 45th St., New York, N. whew i410 & Niple, 584 E. Broad 


Sol (Ohio 

N.Y.) | Hart, W. B., Supt. Gas, Acid & ar 
Hardenburgh, E. A., Supt., Sew. Drain. Dept., Atlantic Refining Hattie J. L., Supt. of Streets & 
Disp. Pit.. 635 Adelia St., El | Co, 3144 Passyunk Ave., Phila- Sews.. Bremerton, Wash. (Pac. 

- Monte, Calif. (Calif.) delphia, Pa. (Pa.) ‘ N. W.) 
Harding, James C., Comm., Dept. of | Harte, John J., Pres., John J. Harte | Hatfield, Dr. W. D., Supt., Sew. Tr. 
Pub. Wks., County Office idg., Eng. Co., Forsyth Bldg., Atlanta, Pit., 249 Linden Ave., Decatur 
White Plains, Ga. (Ga.) 45, Ill. (Cen. St.) 


Harding, am G., Cons. Engr., | Hartley, Mr., ‘“Cae-Brest,” 73 The | Hathaway, Clark W., Metal., Chev- 
414 Utah Savings & Trust Bldg. Avenue, Harpfields, Stoke-on-Trent, | rolet Forge, 2186 LeMay Ave., 
Rane Utah (Pac. N. W.; Eng. (ISP) Detroit 14, Mich. (Mich.) 
uai—Calil. 


2 ; Hartley, John J., Opr., Sew | Hathaway, John L., Supt., Chem. 
Hardy, C. Asa, Opr., Sew. Tr. Pit., Pit.. Boston Post Rd., Marlbor. | Div. Wa. 
a e 14th St., Olean, N. Y. ough, Mass. (New Eng.) tauga_ Ave., Elizabethton, Tenn. 
Joba R., Asst. Sales Mer., (Ky.-Tenn.) 
Suilders-Providence, Inc., 9 Cod- | praptercley > 
ng 


Sews., 20 E. Worcester St., Worces- 
ter, Mass. (New Eng.) 


| 

Hardy, William G., Opr., Bur. =| 
| 


| Gun Wharfe, Chatham, Kent., 
Meateeed, 2 a - Supt., San. | Hart! ey, William L., Link-Belt Co., Eng. (ISP) 

Jist. of Hammond, 5143 Columbia | 2045 W. Hunting ‘Park Ave., Phil- 

Ave., Hammond, Ind. (Cen. St.) adelphia, Pa. (Assoc.) a Charles F., Chem. Engr. Hall 


| Inc. 1179 Cedar Blvd., 
4 ; I Hartman, B. J., Cons. Ener. & Pres., Pittsburgh i6, Pa. (Pa.; Dual— 
Oakland Co. T. B. San., Pontiac, Jerry Donahue Co., 608 N. 8th 
Mich. (Mich.) St., Sheboygan, Wis. (Cen. St.) 


Hargraves, Z. D., Supt. Sew. Tr., | 
Harlamert, P. A., Dist. Megr., Johns- | Hartman, J. S., Supt., Clinton Sew. 


E., San. Engr., Amer 

Well Wks., Process Eng. Div., 1516 
r. Pit., Box 312, Clinton, Mich Fifty Third Ave., Berkeley. Ill. 
(Mich.) (Mich.; Dual—Ohio) 


Manville. 1530 Guild Halli Bidg., 
Cleveland, Ohio (Ohio) 


Loo 
= 
: 
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Hausmann, A. R., Coast Mer., U. S. 
ipe & Foundry Co., 907 Monad- 
nock Bldg., San Francisco 5, Calif. 
(Ariz.) 
Havens, William L., Partner, Havens 
merson, 1140 Leader Bldg., 
Cleveland 14, Ohio (Ohio) 

Hawes, Milton B.. Mfgrs. Rep., 
Tech. Sales, 713 Commercial Trust 
Bldg., Philadelphia, Pa. (Pa.) 
Haworth, H. Lowell, Chief Engr., 
Fox Paper Co., Lockland, Cincin- 

nati 15, Ohio (Ohio) 

Haworth, W. D., Civ. Engr.. W. D 
Haworth & Son, St. Stephens 
sows, Westminster, S. W. 1, Eng. 
(ISE) 


Hawthorne, LeRoy, Opr.-Engr., U. S 
Discip. Barracks, F.D., Pough- 
quag, N. Y¥. (N.Y.) 


Hay, TF. TF. Sew. Tr. Pit., 


21st St. & Grand Ave., Racine, 
Wis. (Cen. St.) 
Hayden, John L., Cons. Engr., 662 


Park Sq. Bldg., Boston 16, Mass. 


(New Enz.) 


Haydock, Charles, Cons. Engr., 311 
Commercial Trust Bldg., Philadel- 
phia 2, Pa. (Pa.) 

Hayes, Charles S., Supt., Sew. Tr. 
Pit., 506 E. 14th St., Stillwater, | 
Okla. (Okla.) | 

Hayes, E.. Sew. Wks.. Denton, Nr. 
Manchester, Eng. (ISP) 

Hayes, John A., Rt. 2, Box 465-D, | 
Ft. Lauderdale, Fla. (Fla.) 


Hayne, Robert Y., Ener., Wa 
Equip. Co.. O. Box 165 
Charleston, W. Va. (W. Va.) 

Hayob, Henry, Jr.. Supt.. Wat. Distr 
System & Sew. Pit., Marshall Mun 
Util., Marshall, Mo. ( Mo.) 

Hays, Clyde C.. Pres., Hays Process 
Co., P. O. Box 768, Waco, Tex. 
(Tex.) 

Hayward, Harold. San. & Hyd. Des., 
80-37 252nd St., Bellerose 6, N. Y 


t 
2, 


(N.Y.) 

Hayward, Homer J.. San. Ener.. 
yres, Lewis, Norris & May. 512 
N. Seventh, Ann Arbor, Mich 
(Mich.) 


Haywood, R. W., Jr.. Asst. San. 
Ener.. Amer. Viscose Corp., 35 E. 
9th St., Philadelphia 7, Pa. (Pa.) 

Hazen R.. Supt.. Butte Wat. 
Co., Butte, Mont. (Mont.) 

Hazen, Richard, Partner, Malcolm 
Pirnie. Engrs., 25 W. 43rd St., 
New York 18, N. Y. (N.Y.) 

Hazey, George, Supt.. Wat. Filt. Pit., 
Dept. of Mun. Serv.. 2555 Van 
Alstyne Blvd., Wyandotte, Mich 
(Mich.) 

Hearsmann, William P., 3rd, Rep., 
General Flec. Co., 1405 Locust 
St., Philadelphia 2, Pa. (Pa.) 

Heath, Pau! F., Reg San. Santa 
Cruz Co. Dept. Pub. Health, 842 
Front St., Santa Cruz, Calif. 
(Calif.) 

Heath, J. Ray, Engr.. General Eng. 


Co., 725 Central Bidz., Seattle 4, 
Wash. (Pac. N 
Heckman, L. M., Sales Engr., Layne- 
Western Co. 1010 W. 39th St., 
Kansas City 2, Mo. (Kan.) 
Hedeated Paul C., Supt., Sew. Tr. | 


Pit., 20 E. Worcester St., 
ter, Mass. (New Eng.) 


Hedgepeth, L. L., Exec. Sec., Va 
ae Control Bd., 815 E. Franklin 
, Richmond 19, Va. (Va.) 
nee Wyatt C., Arch.-Engr., 904 
Ft. Worth Ave, Dallas, Tex 
(Tex.) 


Worces- | 


| Hendrickson, 
T 


SEWAGE WORKS JOURNAL 


Heffelfinger, D. D., Supt., Wat. & 
Sew. Tr. Pit., 230 S. Lincoln 
Ave., Alliance, Ohio (Ohio) 

Hegle, Otto, Opr., Sew. Tr. Plt., 
Flint, Mich. (Mich.) 

a Robt. W., Asst. Dir., Bur. 
of San. Eng..’ State Dept. of 
Health, 1098 W. i 
dianapolis 7, Ind. (Cen. St.) 

Heil, Dick C., Sr. Asst. San. Engr., 
St. Dept. of Health. 138 E. Third 
St., Williamsport, Pa. (Pa.) 


Heim, Mitzi S., Chem., Sew. Tr 
Plt., 1212 Superior St., Racine, 
Wis. (Cen. St.) 

Heinz, Ben F., City Mer., 34 S. E. 
52nd St., Portland 15, Ore. (Pac. 
N. W.) 


Heinz, J. Ralph, Chief Ener, Wertz 
Eng. Co., 441 N. Second St., Read- 
ing, Pa. (Pa.) 

Heisig, H. M., Res. Chem., Milwau- 
kee 1, Wis. (Cen. St.) 

Heiskell, T. W.. Chief Chem., Pitts- 
——- Plate Glass Co., 601 Fourth 

New Martinsville, W. Va. (W 

Heiss, Edward A., Pac. N. W. Div. 
Mer., Wallace & Tiernan Sales 
Corp., 1713 S. Calif. Ave., Mon- 
rovia, Calif. (Pac. N. W.) 

Heister, R. M., Asst. Engr., Pa. 
Dept. of Health, 421 W. High 
St., Hummerstown, Pa. (Pa.) 

Helland, H. R. F., Cons. Ener., 902 
Frost Nat’l. Bank Bidg., San An- 
tonio 5, Tex. (Tex.) 

Heller, Austin Barrett Al 
lied Chem. & Dye Corp., 40 Rec- 
tor St., New York 6, N. Y. “NY 

Heller, C. F., Sec., 
tic Tank Co. 312 Main St., 
Stroudsburg, Pa. (Pa.) 

Lloyd J., Opr.. Sew. Tr. Plt., 

N. 14th St., Ft. Dodge, Ia 
(a. ) 

Helmer, Phil F., Cons. Ener., Hel 
mer, Hughes, Whipple & Assoc., 
Fuller-Quigg Bldg., Wenatchee, 
Wash. (Pac. N. W.) 

Henderson, J. F., 11 Woodfield Ave., 
Gravesend, Kent, Eng. (ISP) 
Henderson, Paul C., S. A. San. Engr., 
USPHS, Federal’ Bldg., San Fran- 

cisco 2, Calif. (Fed.) 

Stuart P., Supt.. Wat. & 
Sew., Prescott, Ariz. (Ariz.) 

Sutin, H._H., Cons. Engr., Polk, 
Powell & Hendon, 51 Norman Dr. 
Mountain Brook, Birmingham, Ala 
(N.Y.) 


Hendricks, Francis J., 5424 N. E 
Second Ave., Miami, Fla. (Fla.) 
Hendricks, Gerald F., San. Engr. 


Ind. State Bd 


of Health, 604 
Franklin St., 
St.) 


Columbus, Ind. (Cen 


King H.. Supt., Sew. 
r. Pit., Municipal Bldg., Beaver 
Falls, Pa. (Pa.) 
Henley, M. E., Sales Engr., Wallace 
Tiernan Co., Station E, Box 63, 
Atlanta 3, Ga. (Ga.) 


Henn, Donald E., Supt., DeKalb San. 
Dist., 119 S. 10th St., DeKalb, 
Til. (Cen. St.) 


Henry, Allen K., P. O. Box 3242, 
St. Petersburg, Fla. (Fla.) 


Henry, Thomas B., Cons. Ener. 
a & Henry, 1812 Wychwood 
, Toledo 6, Ohio (Ohio) 
Eugene C., Asst. San. Engr., 
St. Rd. of Health, 318 W. Main 
St., Sparta, Wis. (Cen. St.) 


Stroudsburg Sep- | 
| Hesford, L., San. Surv., 


March, 1949 


Hepburn, D. Neil, U. S. Vet. Ad- 
min., San. Unit, 5404 40th Ave., 
Hyattsville, Md. (Md.-Del.) 


M., Dir., Bur. of En ng.. 
Mic i of Health, Lansing 4 
Mich: 


| Herberger, ~arel Henry, Dir., Div. 
of San., Nassau Co. Dept. of 
Health, 40, Stowe Ave., Baldwin, 
L. (N.Y.) 

Herda, N.. Supt., Kaiser-Frazier 
Corp., Willow Run, Mich. (Mich.) 

Herdon, A. B., City Engr., City 
Hall, Orlando, Fla. (Fla.) 


Herdon, Lee R., Head, Chem. Lab., 
North Amer. Rayon Corp., Eliza- 


bethton, Tenn. (Corp., Ky 
Herman, Murray, Stud., 
York 


Univ., 311 E. 
21, N. Y. (NY. 


Hermann, F. X., Asst. Opr., Sew 
Tr. Pit., 3152 40th S., 
Minneapolis 6, Minn. (Cen. St.) 


Herr, H. N., Gen. Mer., Hershey 
Water Co., 114 Java Ave., Her- 
shey, Pa. (Pa.) 


Herrick, T. L., San. Enegr., San. 
Dist. of Chicago, 717 N. Wash- 
St., Park Ridge, Tl. (Cen. 
St. 


72nd St., 
) 


Hertenstein, Neil, Supt., Sew. Tr. 
Pit., 4781 Laurel St., Chillicothe, 
Ohio (Ohio) 


Herzig, S. B.. Supt.. Sew. Pit., 
Renville, Minn. (Cen. § St.) 


Herzik, G. R., Jr., San. Engr., St. 
Dept. of Health. 2060 Sabine St., 


Austin, Tex. (Tex.) 


Herzog, Henry, Supt. of Sews.. 107 
Ave. A, Rochester N.Y. GUY.) 
Melton 
Mowbray U. D. C., “Dorlan,” 
Scalford Rd., Melton 

Eng. (ISE) 
Hess, Daniel Jr.. John J. Reilly, 


Cons. ale 1617 Colony Lane, 
Havertown, Pa. (Pa.) 


| Hess, Edward C., Prof. Fngr., 33 N. 


7th St., Stroudsburg, Pa. (Pa.) 
Fred E., Cons. Ener., 2212 


Worth Nat'l. Bank Bidg., Ft 
| Worth 2, Tex. (Tex.) 
| Hess, John § S., Chief Opr., Sew. Tr 
Wks., 1555 S. Senneca, Alliance, 
Ohio’ (Ohio) 
Hess, Raymond W., Chem., Aniline 


Div., Allied Chem. & Dye Corp., 
1051 S. Park Ave., Buffalo 10. 


Hess, Seth G., Dir. & Chief Engr., 
Int. San. Comm., 110 William St., 
New York 7, N.Y. (N.Y.) 

Heukelekian, Dr. H., Res. Engr., 
Agricultural Exp. Sta., Rutgers 
Univ.. New Brunswick, N. J 
(N.J.) 

Hewitt, A. C., Chief Engr., 
Co., Bellefonte Div., 
Pa. (Pa.) 

Heyl, R. M., Supt. of Maint., Edge- 
water Steel Co., Box 478, Pitts- 
burgh, Pa. (Pa.) 

Heyward, T. C., Mech. & Elec 
Engr., T. C. Heyward Co. 1408 
Independence Bldg., Charlotte a, 


Warner 
Bellefonte, 


N. C 
C.’ Heyward ‘Co., 1408 Inde. 
Charlotte, N. C 


Pendence Bldg., 
(N.C.) 


Hibbs, Albert S., Mgr, Wat. Supply 
& Sew Disp.. 36 W. Second St., 
Chillicothe, Ohio (Ohio) 


= 

ay 

4 
4 
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Hibbs. Edwin B., Asst. Engr. & | Hintgen, George W., Prin. Asst. San. | Saiode. J. M., Res. Engr., Inst. 
Chem., Harris Co. Health Unit, | Engr.. USPHS, 303 14th St., Shef- 


& Hansen, Box 177, Portsmouth, Providence, R. I. (Assoc.) 


nut Lane, Strafford, Wayne, Pa. Va. (Va.) 


of Pa Chem., Box 498, "Apple- 
‘ 109 Garner, Houston 17, Tex. | field, ‘Ala. (Fed.) ton, Wis. (Cen, St.) 
(Tex.) Hipple, James F., B. F. Goodrich | parently John S., Opr., Sew. Tr. 
s Hibschman, Charles A., Supt., Am- Co., Brower Ave., Oaks, Pa. (Pa.) | Pit., 510 W. Henry i "Kankakee, 
bler Borough, Ambler, Pa. "(Pa.) Hirn, William C., Co-Partner, Pate | ni (Cen. St. 
Hickey, Sylvester, Attny., 1207 Mer- & Hirn, Cons. Engrs., 532 Michi- | Holinger, Ed., Cons. Engr., Spitz- 
cantile Libr. Bidg., Cincinnati 2, gan Bldg. Detroit 26, Mich. | ackerstr. 17, Liestal, Switz. (Swiss) 
Ohio (Ohio) (Mich.) Holland, Edward S., Jr., Holland 
Hicklin, .. G., Cons. Engr., Robert | Hirtler, William, r., El Toro Ma- Surveys, 1501 King St., Alexan- 
& Co., 706 Bona Allen Blidg., At- rine Base, Box 531, Costa Mesa, | dria, Va. (Va.) 
lanta 3, Ga. (Ga.) Calif. (Calif.) | Holland, Frank H., Sew. Comm., 
* o, G. H., Assoc. Dir., Eng. | Hiskey, D. R., Chem. Engr., Dear- 312 Archer St., Freeport, N. Y. 
ta.. Univ. of Tenn., Berry born Chem. Co., 807-815 Mateo | (N.Y.) 
Knoxville, Tenn. (Ky.- |  St., Los Angeles 21, Calif. (Calif.) | Holiberg, H. E., Vice-Pres.. Pro 
Tenn.) Hite, G. M., Resident Rep., Greeley | portioneers, Inc., P. O. Box 1442, 
Hicks, Arthur, Civ. Engr., 64 Chest- | 


; Hollis, Mark D., Chief, San. Eng. 
(Pa.) Hoag, Arthur W., Civ. Engr., 115 S. Div., USPHS, Washington 25, 
Hicks, Cyril, Supt., Sew. Tr. Pit., | Winooski Ave., Burlington, Vt. D. C. (Fed.) 
Richmond, Mich. (Mich.) (New Eng.) 


Holmes, Glenn D., Cons. Engr., 


Hicks, R., Supt., Hamilton Sew. | Hoak, Richard D., Sr. Fellow, Mel- Holmes, O’Brien & Gere, 304 W. 
Wks., Bothwell Bridge, Bothwell, lon’ Inst. of Ind. St., Syracuse 5, 
Lanarkshire, Scotland (ISP) Pa. (Pa.; Dual—Ohi N.Y.) 


Hicks, R. H., Sew. Pit. gi Fair- | 
child Aircraft Corp., Rt 4, 


Hobenzack, Frank C.., ~~ Hatboro- aces Harry E., St. Dept 
No. 
Hagerstown, Md. (Md Del.) 


. of 
Upper Moreland Sew. Tr. Plt., 22 Pub. Health, 181 Glenwood St., 
Church St., Willow Grove, Pa. Malden, Mass. (New Eng.) 


| 
‘ennville, Mich. | Hobson, Fred C., 119% E. Fifth St., Bidg., 


Hicks, W. M., Supt., Mich. Fruit (Pa.) Holmes, Kenneth H., Municipal 
Canning Co., New London, Conn. (New 
(Mich. ) Charlotte, N. C. (N.C.) Eng.) 

— o, Armando A., 327 Sixteenth | Hodge, W. PF Sr. Fellow, Mellon | Holmquist. Charles A., Dir., Div. of 
Ave., S. E., Minneapolis 14, Minn. Inst. of Ind. Res., 4400 a | an., State Dept. of Health, 14 
(Cen. St.) Ave., Pittsburgh is. Pa. (Pa.; | Ave., Albany, N. Y. 

Higgins. George F.. J. B. Green Dual—W. Va.) | N.Y.) 


Plumbing & Equip., Inc., P. O. | Hodges. H. E. W., San. Engr.. 67 
Box 2509, Sarasota, Fla. (Fla.) | 
Higgins, James A., Gen. Eng., 118 z | 
N. Second Ave., Pocatello, Idaho | Hodges, S. M., San. Engr., Div. of | 
(Pac. N. W.) jat., Rm. 101, City Hall, Nor- 


| Holroyd, Chem., Dagenham 
| | 
J Holroyd. Norman S., Partner, Keis 
Higgins, Thomas E., Jr., Asst. Pit. folk, Va. (Va.) | ; : x 


Longlands, Park ‘Crescent, Sidcup, Urban Dist. Council, Riverside 
Kent, Eng. (ISE) Rainham, Essex, Eng. 
as 


. & Holroyd, Cons. Engrs., 257 
Opr., Sew. Tr. Plt..’ Home 31, Hodgkinson, Jack, Supt. of San., 730 Broadway, Troy, N. Y. (N.Y.) 
Rockland State Hospital, Orange- Griffith Way, Laguna Beach, Calif. 


- | Holsberry, Russell, Sr. San., Brooke 
burg, N. Y. (N.Y.) | (Calif.) A | Co. Health Dept., Wellsburg, W. 
Hiegins, William J., San. Engr., | Hodgson, E., S. Norwood Farm, Har- Va. (W. Va.) 
City Dept. of Pub. Wks., 245 W. rington Rd., S. Norwood, London, Holt, Clay i F 
107th St., New York 25, N. Y. E. 25, Eng. (ISP) | 
N.Y.) H. J. Eng. & Wat. | Cleveland 14, Ohio (Cen. St.) ” 
Higgs, Stuart E.. 615 E. Market St., | Box 641- F, G. P. O. Ade- 


Havana, Ill. (Fla.) Australia Holtie, Ralph H., San. Engr., State 


: = Bd. of Health, 3437 Brouse St 
Hilbert, M S., San. Engr., | Hodkinson, C. T.. Ope., Sew. 
‘Wome Co. Health Dept. Henry | 1 908 hy By St. Paul | Indianapolis, Ind. (Cen. St.) 
Ruff Rd., Eloise, Mich. (Mich ‘Mina. (Cen. St.) Hay. Witte Olcinis Sanitaria 
Hill, Edw: . Chief Opr., Sat | Hoeflich, G. C., Pit. Opr.. 619 Saude | 727 Plaza San Martin 
No. 2, Conestoga, Pa. (Pa.) Hoey, A. C., Sew. & Wat. Wks. | aes Gata, ae oo. Mgr., 
: Engr., Nepean Twp., 345  Rich- nd. Equip. Co., Inc., P. O. Box 
Rd., Ottawa, Ont., Can. 761, Charleston, W. Va. (W. Va.) 
(Can Holzberger. Walter, Champi Pa- 
pion Pa 
Hoey, James . Engr., Sparta per & Fibre Co., Hamilton, Ohio 


Bidg., Medford, = (Pac. N. W.) (Ohio) 


Homack, Peter, San. Ener., E. T 
Killam, Cons. Engr., 547° ae 
Ave., Scotch N. J. 


Hommon, H San. 
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Sews., 112 City Hall, Sacra- 
mento 14, Calif. (Calif.) 
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Was. Lab., Ford Motor Co., 32304 
Kalamazoo, Wayne, Mich. (Mich.) 

Kaltenbach, Albert B., San. Eng., 
Metro Dist. of Baltimore Co., 358 
E wine Ave., Baltimore 12, 
Md. (Md.-Del.) 

Kamp, Benié A., Res. Des. Engr., 
Armour Res. Found. of Ill. Inst. 
of Tech., 5319 Woodlawn Ave., 


hicago 15, Ill. (Cen. St.) 
Kane, R. D., Cleveland Mer., Innis 
Speiden & Co., 2775 Pittsburgh 
ve., Cleveland, Ohio (Ohio) 


centies. J. F., Engr., Rt. 1, Box 


300A, Daytona Beach, Fla. (Fla.) 
Kaplan, Bernard, San. Engr., St. 
Dept. of Health, Lovett Ave. & 


Orchard Rd., Little Silver, N. J. 
(N.J.) 


Kaplan, Hilton C., Chem., Grenn- 
bay Sew. Tr. Pilt., 1913 Foster 
Ave., Chicago 40, Ill. (Cen. St.) 


A. J., Supt., Sew. Tr. 

Commer: ial Ave., New 
Bruns wick, N. J. (N.Y.) 

Kappe, S. E., Kappe & Assoc., 5230 
Massachusetts Ave. Washington 


16, D. C. (Pa.; Dual—Va.) 

Karalekas, Peter C., 33 Maplewood 
Terrace, Springfield, Mass. (New 
Eng.) 


Kass, Nathan I., Supt., Sew. Tr. 
Pit.. 167 — nt St., Brooklyn, 
N. Y. (N.Y 

Kassay, Albert ‘. Supt., Bd. Wat. 
& Sew. Comm., 17 Beekman Ave., 
North Tarrytown, N. Y. (N.Y.) 

Kaufman, Warren J., San ag. 
Pub. Health & Welf. Sec., GH. 
SCAP, APO 500, c/o P 
San Francisco, Calif. (Calif.) 

Kavanagh, G. R., Dist. Mgr., Wal- 
ace & Tiernan Co., Roanoke, Va. 
(Ky.-Tenn.) 

Kay anagh, J. P., Dist es Wal- 
lace & Tiernan, Roanoke, Va. (Va.; 
Dual—W. Va.) 


Kay, Lawrence A., Dir., Pub. Health 
Eng., Dept. of Health & Welf., 320 
Sherbrook St., Winnipeg, Manitoba, 
Can. (Can.) 

Kayser, Chas., Sales Engr., Diamond 
Alkali Co., 525 Walnut St., Cin- 
cinnati, Ohio (Ohio) 

Kearney, Major John J., Civ. 
5610 Dunham Rd., 
ll. (Cen. St.) 


Engr., 
Downers Grove, 


Keefer, Clarence E., Deputy Sew. 
Engr., Bur. of Sews., 408 Kensing- 
ton Rd., Baltimore 29, Md. (Md- 
Del.) 


Johnson, Kenneth R., Supt., Sew. 
Wks., 426 Second Ave., E., Dick- 
inson, N. Dak. (N. Dak.) 4 
Johnson, Kiehner, Sales Engr., Johns- | J 
St.. Km. 218, Columbus, Ohio | 
(Ohio) | J 
ng Johnson, L. M., Comm. of Sts. & 
Ele City Hall, Km. 710, Chi- | 
cago 2, Ill Cen. St.) 
rd Johnson, Leon R., Partner, Johnson | rate 
ote & Williams, 1225 19th St., N. W., is 
Washington 6, D. C. (Va.) 
he Johnson, Lester V., Lester V. John- ] a 
aus son & Assocs., 2030 17th St., N., | ° Be 
Arlington, Va. (Va.) | 
Johnson, Milo H., Engr., Fed. Wks. | ae 
: Agency, 701 Fidelity Bldg., Kan- | 
sas City 6, Mo. (Fed.) | - 
4 Johnson, Paul B., Sr. Civ. Ener., 
a: Fed. Wks. Admin., 4656 S. 34th | 
St., Arlington, Va., (Fed.) 
Johnson, Robert P., San. Engr., | 
= Commonwea'th of Va., 8th Floor, | 2 
Travelers Bldg., Richmond 19, Va. | 
(Va.) 
“a Johnson, Robert T., Co. Engr., 1411 | es 
: 15th Ave., Eldora, Ia. (la.) | 
4 Johnson, Roy A., Dorr Co., 221 La- : 
na Salle St., Chicago, Ill. (Cen. St.) 
Johnson, Russel K., Dist Sales | 
“a Mer., Darling Valve & Mfg. Co., ; 
: 70 Pine St., New York, N. Y. : 
(N.Y.) 
Johnson, T. E., Pit. Foreman, 2220 
E. Jefferson Lane, Yakima, Wash 
(Pac. N. W.) 
| Johnson, Verner C., Cont., 115 W 
] Devonshire Ave., Hemet, Calif. 
; | Johnson, W. E., Civ. Engr., 504 : 
“fi First Fed. Savings & Loan Bldg., 
(Ga.) | 
3 Johnson, W. Martin, Engr., Wiley & a 
Wilson, Cons. Engrs., Lynchburg, | J 
Va. (Va.) | 
I 
Johnson, W, W., Asst. San. Engr. 
Madison Metro. Sew. Dist., 4252 WI “ity 
Beverly Rd., Madison 5, Wis. | Vat. Wks., City 
(Cen. St.) xa, (Ga.) 
Johnson, Warren W., Chem., St. Jo- =. 
: seph Wat. Co., 825 Francis St., | NY NY) 
St. Joseph, Mo. (Mo.) 
of Johnston, E. W., Sr. San. Engr., On- ar 
tario Dept. of Health, Parliament Port- 
é Bldgs., Toronto 2, Ont., Can. | 
(Can.) | 
J 
ta Johnston, G. C. S., Engr., Box 98, || 
Selkirk, Manitoba, Can. (Can.) 
Johnston, Robert M., Cons. Chem. & 
ye Bact., 504 N. 2nd St., Harrisburg, 
Pa. (Pa.) 
=e Johnst W. O., Jr., Pit. Engr., Pa J : 
—- Ind. Chem. Corp., 120 State St., | 
Clairton, Pa. (Pa.) 
Johnstone, Alan, Dist. Sales Mer., J 
Wallace & Tiernan Co., Inc., Pine 
Grove, Niantic, Conn. (N.Y.) 
pe Johnstone, Leslie I Engr., Fed. | 
By Wks. Agency ) Sibley St., Park 
Ridge, Il. (Fed.) 
Johnstone, T., Sew. Wks. Mer., | 
a Town Hall, Manchester, Eng. | ; 
(ISP) 
Joiner, W. N.. Wat. Wks. Supt., | 
oly San Marcos, Tex. (Tex.) 
Jollie, Walter H., San. Engr., Div 
of San. Eng., Ill. Dept Pub. 
Health, 6th Fl., Capitol Bldg., | 
Springfield, Ili. (Cen. St.) 
ee. Jonas, Milton R., Opr., Sew. Tr. 
we Pit., 5496 Cornell Ave., Chicago | ; 
15, Hl. (Cen. St.) | 
‘ 
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Keefer, Som. Sew. Tr. =. 
339 St., ‘larion, (Pa.) 

Keeler, J. Harold, Asst. Supt., West- 
chester Co. Dept. Pub Nis, 795 
Lake St., White Plains, N. Y. 
(N.Y.) 

Keeler, Russell R., Asst. Engr., Koe- 
big & Koebig, Cons. Engrs., 5417 
Lemon Grove Ave., Los Angeles 
38, Calif. (Calif.) 

Keeney, Paul, Mgr., Elsie Coopera- 
tive Creamery Co., Elsie, Mich. 
(Mich.) 

Keevan, Thos., Jr., Asst. Pit. Re 
Great Neck Sew. Dist., 653 Mi dle 
Neck Rd., Great Neck, N 
(N.Y.) 

Kehr, William Q., Prin. Pub. Health 
ngr., Mo. St. Bd. of Health, 
Jefferson City, Ma. (Mo.) 

im. Herbert L., Supt. of Pub. 

, Frankenmuth, Mich. (Mich.) 

a “Kenneth A., Div. Mgr., Wal- 
lace & Tiernan Sales Corp., 1713 
S. California St., Monrovia, Calif. 
(Calif.) 

Keis, F. J., Cons. Engr., Keis & 
Holroyd, 257 Broadway, Troy, N. 

Keith, J. Clark, Gen. Mgr., Windsor 
Utils. Comm., 607 Canada Bldg., 
Windsor, Ont., Can. (Can.) 

Kelleher, Joseph A., Opr. Engr., City 
Dept. of Pub. Wks., 157-24 27th 
Ave., Flushing, L. IL, N. Y. 
(N.Y.) 

Keller, Earl D., Asst. City En 
548 E. King St., Lancaster, Ohio 
(Ohio) 

Keller, L. M., Sales Engr., Wallace 
& Tiernan Co, Inc., 11 Garden 
St., Montclair, N. J. (N.Y.) 

Keller, S. K., Gen. Supt., Pinellas 
Co. Wat. System, P. O. Box 151, 
Clearwater, Fla (Fla.) 

Kelley, Edward J., Engr., St. Dept. 
of Health, 104 Burncoat  St., 
Worcester 5, Mass. (New Eng.) 

Kelley, Peter J., Serv. Rep., Lime- 
stone Prods. Corp. a Amer., New- 
ton, J. (Assoc.) 

Kellogg, Glen T., Sr. San. a 
St. Bd. of Health, Univ. of N. 
Drawer 229, Chapel Hill, N. ra 
(Ark.) 

Kellogg, James W., Asst. Dir., St. 
Lab. of Hygiene, Raleigh, u. <. 
(N.C.) 

Kelly, Clarence, Opr., Sew. Tr. Plt., 
403 Westminster Rd., Cedarhurst, 
N. ¥.. G4.Y.) 

Kelly, Earl M., Partner, Process 
Engr., Inc., 1014 S$. Orange Grove 
Ave., Los Angeles 35, Calif. 


Kelly, W. C., Supt., Freer, Tex. 
(Tex.) 


a, W. D., Cons. Engr., Chamber 
of Commerce Bidg., Charleston, W. 
Va. (W. Va.) 

Kelsey, Walter, Engr., Lord & Burn- 
ham, Sarven Ct., Tarrytown, N. 
(N.Y.) 

Kelz, L. B., Civ. Engr., City Dept. 
Pub. Wks., 296 Westminster Rd., 
Brooklyn 18, N. Y. (N.Y.) 

Kemp, Harold A., Dir., San. Eng., 
Dist. of Columbia Bide. Washing- 
ton 4, Cc. (N.Y. 


Kempkey, A., Cons. Ae 409 Bal- 


boa Bidg., San Francisco 5, Calif. 
(Calif.) 

Kendrick, Edward J., Stud., Cornell 
Univ., School of Civ. Eng., 6 
Carver Huntington, L. N. 
Y. (N.Y.) 


Kenerson, Waldo I., 
Lafayette S., 
(New Eng.) 

Kenney, L. C., Chain Belt Co., 5050 
Joy Rd., Detroit 4, Mich. (Mich.) 

Kennedy, C. C., Sr. Partner, Eng. 


Cons. Engr., 47 
Marblehead, Mass. 


Off. of Clyde C. Kennedy, Atlas | 


Bldg., 604 "Mission St., San Fran- 
cisco’ 5, Calif. (Calif.) 

Kennedy, D. R., Sew. Maint. Engr., 
Pipe Lines Div., 303 City Hall, 
Long Beach, Calif. (Calif.) 

Kennedy, J. L., Sew. Pit. Opr., Rt. 
2, Box 346, Santa Fe, New Mex. 
(Rocky Mtn.) 

Kennedy, R. R., Partner, Eng. Off. 


Clyde C. Kennedy, 604 Mission | 


, San Francisco 5, Calif. (Calif.) 
Robert M., Assoc. Engr., 
Eng. Off. of Clyde C. Kennedy, 
604 Mission St., 
Calif. (Calif.) 
Kennedy, William, Opr., Huntington 
Sew. Pit., Huntington, L. J 


San Francisco, 


Kenney, Norman D., 
Whitman, Requardt & Assocs., 
5707 Chilham Rd., 
Md. (Md.-Del.) 


Kennison, Karl R., Chief Engr., 
Metro. Dist. Wat. Supply Comm., 
20 Somerset St., Boston 8, Mass 
(New Eng.) 

Kepner, Dana E., Mfgr’s. Rep., 1921 


Blake St., Denver, Colo. (Rocky 
Mtn.) 


Ker, M. F., Engr., Stamford Twp., 
2057 Drummond Rd., Niagara 
Falls, Ont., Can. (Can.) 


Kershaw, Arnold, Sew. Purif. Dept., 


Cippennam Lane, Slough, Bucks., 
Eng. (ISP) 

Kessener, H. J. N., Tech. Advisor on 
Wat. Poll., Bezuidenhout 35, The 
Hague, Holland (ISP) 

Kessler, Lewis H., Prof., San. Eng., 
Northwestern Tech. Inst., North: 
western Univ., Evanston, Til. (Cen, 
St.) 

Keyes, Harmon E., Cons. Chem., 508 

Culver St., Phoenix, Ariz. 
(Ariz.) 


Keyes, J. A., Was. Con. Engr., Delco 
roc. Div., GMC, 329 E. First St., 
Dayton 1, Ohio (Ohio) 

Kibler, Harry J., Opr.. Sew. Tr. Plt., 
1180 Ellicott Creek Rd., Tona- 
wanda, N. Y. (N.Y.) 


Kidd, Carl W., hs of Sews., 65 
Franklin St., Dansville, N. Y. 
(N.Y.) 


Kieffer, Joseph D., Supt., Sew. Tr. 
Pit., 519 Robineau Rd., Syracuse, 


Frederick J.. Asst. Supt. 

& Chief Opr., Radnor-Haverford 
Sew. Tr. Pit., 1122 Garfield Ave., 
Havertown, Pa. (Pa.)} 


Kiely, a F., Engr., Thomas Proc- 
tor Inc., 218 Ave., 
Long Branch, N. J. (N.J.) 


Kiker, Calvin C., ‘a in. Div. 
of Health and Safety, Tenn. Val- 
ley Authority, Wilson Dam, Ala 
(Ky.-Tenn.) 


Kiker, John E., Jr., Univ. of Fla., 
Hydraulics Bidg., Gainesville, Fla. 
(N.Y.) 

Kilborn, R. Kenneth, Cons. Engr., 
Suite’ 310, 100 Adelaide St., W., 
Toronto, Ont., Can. (Can.) 


Kilcawley, Edward J., Prof. of San. 
Engr., Rensselaer Poly.  Inst., 
Troy, N. Y¥. (N.Y.) 


Assoc. Engr., 


Baltimore 9, | 
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Killam, E. T., Hyd. & San. Engr., 
St., York 6, N. Y. 
N.J.) 


Killeen, Robert F., Cons. Engr., Pate 
& Hirn, 532 Michigan Bldg., De- 
troit 26, Mich. (Mich.) 

Killmar, C. M., Engr., Dist. Health 
Dept. No. 4, Rogers City, Mich. 
(Mich.) 

Kilpert, Richard, San. Engr., 40-12 


Kimball, Jack H., Dist. Mgr., Orange 
Co., Mosquito’ Abate. Dist., 1412 
Westwood, Santa Ana, Calif. 
(Calif.) 

Kimball, L. R., Civ. Engr., Pa. 
of Health, 309 S. 
Ebensburg, Pa. (Pa.) 

Kin, Stephen R., San. Engr., Bur. 
of San. Eng., St. Bd. of Health, 
1098 W. Michigan St., Indian- 
apolis, Ind. (Cen. St.) 


N. | Kinderman, William, Supt., Sew. Tr. 


Pit., 200 N. 26th St., Camp ‘Hill, 
Pa. (Pa.) 

King, Carl H., Opr., Sew. Tr. Pit., 
Chinook, Mont. (Mont.) 

King, Elizabeth, Bact., Div. of Labs., 
Tenn. Dept. ‘of Pub. Health, 4072 
Tutwiler Rd., Memphis, Tenn. 
(Ky.-Tenn.) 

King, Henry R., Civ. Engr., San. 
Dist. of Chicago, 2661 Asbury 
Ave., Evanston, Ill. (Cen. St.) 

King, L. P., Sales ang. S Chain Belt 
Co., 1414 Santa Fe Ave., Los 
Angeles 21, Calif. (Calif.) 


King, Leslie R., City Engr., 403 E. 
Snyder, Hobbs, New Mex. (Rocky 
Mtn.) 

King, Richard, Asst. Prof. of Civ 

Eng., Univ. of Mich., Ann Arbor, 
Mich. (Mich.) 

Wat. & Sew 
Wis., $. Jefferson St., Hart- 
ford ‘che lad. St.) 


Kingiaey, H. N., San. Dist. Engr.. 
Bd. of Health, Box $1, Ash- 
jand, Wis. (Cen. St.) 

Kingston, S. P., Exec. Engr., St. 
Mary’s Hospital, Rochester, Minn. 
(Cen, St.) 

Kingston, T. M. S., City Mgr. aoe 
Harrison Hall, Ont., 
(Can.) 

Kinney, E. F., Sales Engr., Wallace 
. Tiernan Co., Inc., 230 E. Ohio 

, Indianapolis, Ind. (Cen. St.) 

sci J. B., Mgr., Wallace & Tier- 

nan Co., Ltd., 350 Sorauren Ave., 
Toronto 3, Ont., Can. (Can.) 

Kinsel, L., Project Engr., 
Metcalf Eddy, 1300 Statler 
Bidg., Km, 16, Mass. (New 
Eng.) 

Kipp, W. H., Mgr., Waterworks 
Supplies Co., Box 2328, Portland 
14, Ore. (Pac. N.W.) 

Kirchoffer, W. G., Cons. Engr., 22 
N. Carroll St., Madison 3, Wis. 
(Cen. St.) 

Kirk, B. G., Opr., Main Outfall 
Wks., c/o’ Directorate of Pub. 
Wks., Seria, Baghdad, Iraq (ISE) 

Kirn, Matt, Mgr., North Shore San. 
Dist., Dahringer Rd., Waukegan, 
Ill. (Cen. St.) 

Kirschman, Samuel M., San. Engr., 
Vets. Admin., 1343 4) St., 


Washington, D. C. (Fed 


Kirsher, Charles, Asst. Opr., 
116-03 Sprin se: Al- 


bans, L. 


» 
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| 
| 
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Cons. Enars t E. Wegmann, Knechtge March, 1949 
nacht, Zurich 16, Kus- Hunt. 32 J., Engr., Mead & ) Kri 
Kissinger, wiss) 7 9 r Madi Earl D., Asst. Engr., Stree 
Side Sew. Disp. Plt upt., East | Kneiszl, Leon en, St.) Dept., 8 E. Wil, 
(Kan.) Topeka, Kan 199 W — Asst. Plt. Opr Kr Del. (Md.-Del.) 
Kitchen, Ernes N.Y. Ave., Syracuse, raus, L. §., Chem., Peoria 
t, Asst. Reg. Dir., De- | Kni . (N use, Dist., 510° Albany, San. 
a ingdon Rd WW USPHS, 8 Ab night, C. H., Engr., The D . (Cen, St.) » Peoria, Ill. 3 
(Fed.) , Washington, D. C. St. Krause, E. L., Asst. En 
Kitchen, L., Sz Knig , Ont., Can, (Can.) Engr. Off., 
be th rpe D Sandal Sew. Wks., Arm- night, H. R., Des. Eng Krause, K. S > ee, Fla. (Fla.) a 
-| Franklin, Va. (Va.) Ct., Mz Health, 113 President 
Kittrell nto a , Mason City ent 
& Chief, Stream San C., Jr., Jr. Draftsman Krause, Mark 
Valley Auth _salety Dept., Tenn M ight & Friel, Inc. 224 W. Fourth St.. ons. Engr., 10 

: _Dual— Fed.) ; (Ky. - Tenn.; Knight, Mark G P Krehbiel, Theodore A Ci 

Kivari, A. M., Vice-Pres 1771. Grat G., City Engr., Box | Krehbiel & Krehbiel. Engr., 
Engrs., _ Inc res.. Process | N.W.) and Coulee, Wash. (Pac ware Ave., Kenmo a Dela- J 

Blvd... L 6381 Hollywood ‘ac. | (NLY.) more 17, N. Y. 

(Calif.) Angeles 28, Calif. | — E. A., Wat. Supt., I | Kremer, Robert W > 

Kivell. Wayr _ Wash. (Pac. N -ynden, | Health, V.. Engr., Pa. Dept 

Nayne A., The Dorr C | Knoedler, H | st Nat'l. Bank Bld 

Pa.) 22, Dual cisco 7, "Calif. San Fran- | Del E., Cons. Engr., 2065 

Admin. {., San. Engr., Vet Knowles Co.. Inc., 10 C. _E. | Kreutte 

lumbus se" Drexel Ave., Co- Gowanda, N tbie Rd, | 1 16 e, Supt. of Sew 

Klegerman hio )hio) Knowlton, wT. Cc Y. (NY). liam St., Waterloo, N. 

Alex M. H., Cons. Engr, | Van Ness Ave ons. Engr., 1632 Kriege 
St. New ‘vo _Assocs., 50 Church Calif. (Calif.) ve., Los Angeles 6, | YU Herman L., Grad. Stud., N : 

Klein, a Knox, W. Homer, Prin. A cinnati 16 "Ohi Rd., Cin- 

po Tr. Pit., Sheboy- Dept. of “Health Engr., | Kroeber, Frederick 

Klein, Lewi (Ohio) Bidg., Columbus 15, Ohio | Inertol Co., Inc Engr., 

1, Lewis, Suy 5, Qhio : 

ough, Pork Mt. Penn Bor Knutson. R St., Chicago 10, Ill Orleans 

erkiomen Ave., Mt Tr bert O.. Lab. Asst.. Sew Kronbach, Allan J., A St.) 

ading, Pa. (Pa.) It., Austin, Minn. (Cen Mount Pleasant. Mick ( ~4 Mgr., 

50 Mosley _ Columbia, Ill. (Mo. Main St. | 2449 Eas » Chem., USPHS, 
Kle lanche ster 2, Eng. (ISP) ey Edward C I | (Fed.) tern, Cincinnati, Ohio 

lein, William I. C Manville Corp.. Sales Engr. ohns- | K 

Maple n I, Cons, Eng 2 se p., R. F. D roone, T. H. E 

Kleiser, Paul J., ( | Kochtitzky, O. W., J | Kropf. 

Hardman As ins. Ener.. Thos. | Health & Safety Jr., San. Engr., hachete. Cons. Boer. 
Ter n Assocs., Box 3 ty Dept., Ter achstr. 44, Zurich Halden- 
Rt. 5,| Authority, 420 Uni in. Val- | Kroscht 

(Cen. St.) | ille, Te Bldg Fred, Salen ‘Muel- 
Chain Belt C W Bran h Mer. | xk ed.) y-Tenn. & 563 Cleardale Ave., Tren- 
Ave 'D It Co., 2013 Cedar Springs | Koebig, A. H., Jr. C : : N. J. (N.J.) ’ 2 

_Ave., Dallas 1, Tex. (Tex.) peings | Kruegel, J. L., Engr., Ci 

John, Supt Sous Los Ange es i 5, Spring St Kirkwood, Mo “(Mo ity Hall, 

Klinck, I k | oon. R., Komelir ‘Lab J., City Chem., City 
Pit., Upr w. Tr. | wood, N J x 444, Ridge lentown, Pa e Sts., 
hurst. L. I N. nister Rd., Cedar- | Konwinski ) Jual—N. 
Sites (N.Y.) | Sew. Tr. Pit Edward, Plt. Opr Kruse, R. H 

Laughlin Engr., Jones & kirk, N. Y. Front St., Dun- Instr. Co., 3732 Cambridge 
St. Pittsburst Corp., 2709 Carson | Koo N.Y.) Terminal, New Central 
Klock I E., Cons. Jyd. & S K : 
lock ner, Lewis W evens & Koor an uenemur 
Sales Mar bastern ‘ Bidg.. Portland, Ore. (Pa Chief Engr 
St., New York x! h | ities Tech. Special- | K Va. (WW. Va) : 

Kluck, Charles R.. Asst. Eng Koplowitz, S., Des. En Ii. (Cen. St.) 

Dept. of Healt ngr., Pa En . Des. Engr., H enneth D 

Coster. Wilkes. h, Kirby Healtt St. & Wis, Anency, 315 P Engr., Fed. 

K k r, Wilkes-Barre, Pa. (Pa.) L. N. Y. CNY.) t., Elmont race, Oakland 10. ark View Ter- 

mak, Michael unt Koruzo Kuisel (Fed.) 

City J.. Supt Sew. Plt., H., Chief Chem., Ecole P 

St.) icago, Ind. (Cen Army, 428 Park ederale. Goldauerstrasse le Poly 

n Ge Dr., N rich, Switz. (Swi rstrasse 22, Zu- 

Knapp, Charles Koun ya.) Kulir . (Swiss) 

New exington Ave an. Eng., Pa. State Coll f iin ons. Engrs 312 1c 

ae svew ork 22, N. Y. (N. Y.: ’ of Civ. Eng ollege, Dept ington St Ir 2 E. Wash 

—New Eng.) ; Dual (Pa.) ong., State College, Pa (Cen, St.;) lis 4, Ind 

Bur. Engr., B., San, Engr., Wm. | jian A., Engr., H. A. Kul- : 
Milwaukee 10, Wis. (C 47th St., & Con: Engr., 406 Ra. Philadelphia’ N. Broad St., : 
Knapp, 0. H., Asst. 3 en. St.) (NC) in Bidg., Raleigh, N. C a. (Pa.) 
Pa. Co., Inc N Kramer. E. Paul. 55 Ch paign-Urbana Engr & Mer., 
St., Johnsonburg,’ Pa. ( Ps Hyatisvilie, Md $504 42nd Ave _S. Race St., Urbana, Ili 
Knauer, Arthur T., S d. (Md.-Del.) | Kunze, Albert T en. St.) 
Health Dept. 200 an. Engr., Co. ner, Harrison W., C Seu, Seat upt., Wayne Co 
pt., 200 I James W ms. Eng p. System, 797 Ce 
Kneale, Seattle 1. We 7 First Ave yle, job G.. City E 
mutit Rep., The Per- | Krame , Wash. (Pac. N.W.) Bend, Ore. North 
4 y.Tenn.) St.)’ Ruby, Joliet, Ill. (Cen Laborda, Alberto, Civ. E 
R. Aqueduct iv. Engr., P 
' turce, P. R (P Serv., San- 
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Lacy, Ilbert O., Supt., Sew. Tr. as Langlais, Zachie, Cons. Engr., 105 | Lawson, W. R., Engr., Minn. Dept. 
P 


‘ 208 Chestnut § St., Lockport, N. Mountain Hill, Quebec City, P. of Health, 2304 28th Ave., 5S., 

(N.Y.) | Q., Can. (Can.) Minneapolis . Minn. (Cen. St.) 

ae: Ladlow, John W., Sales Rep., Chicago | Langshaw, C. L., Asst. Pub. Health | Lawson, W. S., Chief Engr., Dept. 

‘ Pump Co., P. O. Box 1784, Phoe- |  Engr., 2 Selborne Mansions, Sel of Justice, Confederation Bldgs., 
nix, Ariz. (Ariz.) borne Rd., Croydon, Surrey, Eng Ottawa, Ont., Can. (Can.) 

LaDue, Russell M., Gen. Mgr., Con- CISE) Lawton, Gerald W., Chem., Lab. of 


crete Pipe Machinery Co., oth & | Lankford, L. A., 1423 Verano Dr., Hygiene, Univ. of Wis., 3818 


Division St., Sioux City, Ia. (la.) Dallas 18, Tex. (Tex.) Euclid Ave., Madison, Wis. (Cen 
Lafferty, W. R., Supt., Sew. Disp. | Lanning, A. J, San. Engr., 709 | %t) 
Pit., c/o P. O. B ackw« vod, Lake- Schiller Ave., Trenton 10, N. J. | Layman, F. R., Civ. Engr., Layman 
land, N. J. (N.J.) (N.J.) | Eng. Co., 315 E. Nettleton Rd., 
Lafreniere, Theo. J., Chief San. | Lannon, William, Opr., Sew. Tr. Pit., Jonesboro, Ark. (Ark.) 
Engr., Ministry of iiealth, 80 ae 21 Bridge St., Putnam, Conn. | Layne, Mark B., Cons. Engr., c/o 
Notre-Dame, Montreal, Quebe (New Eng.) Harper Const. Co., Scott City, 
Can. (Can.) Lanphear, Roy S., Opr., Sew. Tr. | Kan. (Kan.) 
Laidlaw, C. T., City Engr., Sarnia, Pit., 10 Willard Ave., Worcester | Layson, J. Don, San. Engr., U. S 
Ont., Can. (Can.) 2, Mass. (New Eng.) Naval Supply Annex, 1710 N. El 
Lakeside Eng. Corp., 222 W. Adams | Larkin, Donald G., E. Bay Mun. | Dorado St., Stockton 25, Calif. 
St., Chicago 6, Ill. (Corp., Cen. Util. Dist., 1935 Marin Ave., (Calif.) 
St.) Berkeley 7, Calif. (Calif.) Lea, J. E., The Lea Recorder Co., 
Lalonde, Jean-Paul, Cons. Engr., 527 | Larkin, W. H., Dist. San. Engr., Ltd., Cornbrook Park Rd., Man- 
Can. Cement Bidg., Montreal, State Dept. of Health, pi Main ches ~¢ 15, Eng. (ISP) 
Quebec, Can. (Can.) St., White Plains, N. Y. (N.Y.) Lea, W., Cons. Engr. , 1226 Uni- 
Lamar, W. L., Dist. Chem., U. S. | Larock, Arthur L., Sr., saci of Pub uae St., Montreal, . Q, Can. 
Geol. Surv., Box 711, Raleigh, Wks., 109 Hudson St., S. Glens (Can.) 
N. C. (N.C.) Falls, N. Y¥. (N.Y.) Leach, Walter L., Prin. Engr., 
Lamb, Charles, Mayor, 159 Lindsay | Larsen, Earnest A., Asst. Plt. Opr., Havens) & Emerson, 1520 Wool- 
, Lindsay, Ont., Can. (Can.) 294 William St., Geneva, N.Y. 
Charles B., Chem. Engr., (N.Y.) Ohio) 
Carbide & Carbon Chem. Corp., | Larsen, T. B., Rt. 12, Box 352, 
104 Veasey St., Charleston, W. Va. Houston, Tex. (Tex.) Leach, William O., Engr., William 
(W. Va.) Larson, C. C., Chem., Springfield Leach, Box 802, 
Lamb, Clarence F., Waterman Eng. San. Dist., Rt. 5, Springtield, Ill 
Co., 86 Weybosset St., Providence, (Cen, St.) Learn, H. C., Supt., Sew. Tr. Pit., 
R. I. (New Eng.) Larson, Keith D., Chem., Sew. Tr. = Head St., Edgerton, Wis. (Cen. | 
Lamb, Miles, Engr., Chicago Pump Pit., S. St. Paul, Minn. (Cen. St.) I st.) D on re E 
Co., 2300’ Wolfram St., Chicago C., Cons. Engr., Ci eary, Mennis M., Jr., Cons. Enegr., 
18, tl. (Cen. St; Dual—Ohio) | Dewrcit” Lakes, Mina.” (Gen Beckley, We Va. 
Lambert, E. A., Mgr., Mun. Wat. St.) 
Wks., Clarendon, Ark. (Ark.) LaRue, Luther, Engr., Div. of Sews., Pub. Health 
Lambert, Francis J., Pit. Opr, 6 | $01’ Mun. Bidg., Akron 8, Ohio | Qept, of, Health, Smith 
Verona <Ave., Batavia, N. Y. (Ohio) N.W.) 
(N.Y.) | Lassiter, L. 1., San. Engr., Consoli ra 
Lambert, George, San., Big Thomp- dated Bd. of Health, Wilmington 
son Wat. Shed, Drake, Colo. N. C. (N.C.) n= 
(Rocky Mtn.) Latham, James K., Cons. Engr., : 
Lamothe, Wilfred, Opr., Sew. Tr. Plt., Howard K. Bell, Cons Engrs., 555 USPHS. Kroger 
348 Daniels St., Fitchburg, Mass. S. Limestone St., Lexington 45, | nut Sts” Cincinnat Ohi Ohio) 
(New Eng.) Ky. (Ky.-Tenn. Dual—W. Va)’ |) 
Lamoureux, Vincent B., Sr. San. | Latimore, Joe, City Engr., Pub. | “Atlantic Joseph = Chie atic 
Engr., Nat’l. Sec. Resources Bd., Health Eng. Dept., 354 Military City, N 
Environ. San. Sec., Washington, Dr., Coeur d'Alene, Idaho (Pac. ee 
D.C. (Fed) NW.) B., sates 
Lamping, Leonard L., Pres. & Mgr., | Lauer, Wm. N., Engr., Dorr Co. |  Bidg Charlotte, N. C. inc . 
Walla Walla Concrete Pipe Co. 2639 University Ave., St. Paul 4, 
Walla Walla, Wash. (Pac. N.W.) | Minn. (Cen. St.) ew wise 
Lamson, B. F., City Engr., St. Cath- New York 1, N. Y. (N.Y.) 
arines, Ont., Can. (Can.) | Graham Bldg., Jacksonville. Fla. Ledf xd, George L., Opr., Sew. Tr. 
Landis, Wm. R., Dist. Mgr., Build- (Fla.) | Pilt., 8943 Jollet jAve., Niagara 
ers Providence Inc., 309 United | pauster, K. C., S.A Ear (Rk). | Falls. N. ¥. 
ia Off. Bldg .. Niagara Falls, N. Y. USPHS, 2814 Erie St., Apt. | Lediard, E. G., 4 Eldon Sq., New- 
(NY, A-40, Washington 20, “(Fed.) castle-on-Tyne, Eng. (ISP) 
Lane, Frederick C., Engr., 11 Elm | LaValley, Edward C., Tompkins Co. | Lee, Charles H., Civ. Engr., 58 Sut- 
St., E., Sudbury, Ont., Can. (Can.) | ~ Health Dept., 105 E. Seneca St., ter St., San Francisco, Calif. 
Lane, Dr. Graham B., Med. Of. | Ithaca, N. Y. (N.Y.) |, am 
of Health, Porcupine Health Unit, | Laverty, Francis J., Supt., Pub. | Lee, David B., Dir. & Chief Ener 
Timmins, Ont., Can. (Can.) | “Wks. City Hall, “Ithaca,"N. Y. | Bur, of San. Engr., St. 
Langdon, B. J., Co. San. Engr., But- | (N.Y) ai 210, Jackson. 
ler Co. Health Dept., El Dorado, | Law, William, Engr., Ia. Training . 
Kan. (Kan.) School for Boys, Lock Drawer C, 
Langton, Sec., Eldora, Ia. (1a.) Ont.2 Can. (Can.) 
an 0., 4241 venswood Ave Lawrence, H. T., Cons. Engr., Law- > 
Chicago 13, ll. (Cen. St.) rence Eng. Co., 1802 Northwest | 
Langdon, Paul E., Cons. Engr., Gree- Oklahoma City 6, Okla. | (pa.) 
3 ley & Hansen, 220 S. State St., (Okla. | S Y, 
Chicago 4, Ill. (Cen. St.) Lawrence, R. D., Supt., Wat. Wks., | 
, Eatonton, Ga. (Ga.) | 
Langelier, Prof. of San. fen, t.) 
Univ. of Calif., 213 Eng. Material | Lawrence, Walter B., Res. Engr, | Lee, Oliver, *, Tr. Pit. 
Lab., Berkeley 4, Calif. (Calif.) | Univ. of Calif., 1519 Walnut St., | N Mt Hore” Wie 
Langford, Leonard L., Eastern Sales Berkeley 7, Calif. (Calif.) | (Cen. St.) 
Megr., Pacific “Tank Co., 441 of’ Supt., Sews. Disp. & | Lee, R. B., Supt., § 
Lexington Ave., New York, N. Bd. Grimsby, Ont., Ww 8th ste 
(N. Y. & Pa.; Dual—New Eng.) (Can) (Kan.) 


prt 
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Lee, W. Marston, Chem., 
oal, Inc., Tar Prod. Div., Box 
7372, — Sta., Pittsburgh 13, 
Pa. (W. Va 

Lee, W. R., San. Insp., Warren Co 

Health Dept., 206 Glen St., Glens 
Falls, N. Y. (N.Y.) 

J 

Jackson Prison, 
i. Jackson, Mich. 

Leeson, Harold W., Sales 
Builders Pacific, Inc., 2085 
grave Ave., Huntington 
Calif. (Calif.) 

LeFeber, Alfred, 
Temple Bar 
Ohio (Ohio) 

Lefever, K. W., 
Gazette Bl dg., 
(Ark. 

Le gat, Co, San 

eal Shire 
wick, Eng. og 

Leggett, John Field Engr., 

ngeles =: Co., 2729 W 
t., Los Angeles 43, Calif 

Leggett, I. W., Sales Engr., Worth 
ington Pump & Machine Corp., 
P. O. Box 1914, Charlotte, N. ¢ 
(N.C.) 

Leh, Willard, Sr. San. Engr., 1019 
Madison Ave., Reading, Pa. (Pa.) 

Lehmann, Arthur F., Supt., Sew. Tr 
Pit., 134 Cedar Ave., Hackensack, 
N. J. (N.J.) 

Leigh, H. G., 28 W. R 
Blackburn, Lancashire, Eng. (ISP) 

Lee, Harry, Opr., Sew. Tr. Pit., 

Whitesak St., Kutztown, Pa 


F., Supt., Sew. Tr 
1036 Lansing 
(Mich.) 


Park, 


Cons. Engr., 731 
Bidg., Cincinnati, 


Cons. 
Little 


Engr., 303 
Rock, Ark 


Pub 
War 


Insp., 
Hall, 


Los 
. 73rd 
(Calif.) 


Leigh Rd., 


(Pa ) 

Leinbach, Kent, San. Asst., Ind. 
Was., Pa pt. of Health, Bur 
of Eng., Main St., Watson- 
town, Pa : 

Leist, Ervin F., Supt., 
Tr. Pit., 109 Seyfert 
ville, Ohio (Ohio) 

Leitch, Harold W., Dir. of 
Pacific Mills, Lawrence, 
(Va.) 

Leland, Benn J., Sr. San. Engr., 
Cook Co. Dept. of Pub. Health, 
737 S Wolcott Ave., Chicago 12, 
Ill. (Cen. St.) 

Leland, Raymond Engr., 
Dist. of ¢ bi: ago, 1436 W. 
Ave., Chicago 40, Ill. (Cen. 

Lemay, Lionel Biochem., Wat. Poll. 
Control] Bd., Montreal Univ., 2900 
Mont-Royal Blvd., Montreal, P. 
Q., Can. (Can.) 

Lemcke, Ewald M., 
Orange Co. Joint 
City Hall, Anaheim, 

Ariz.) 


Lemieux, R. A., City Mar. & Engr., 
219A Davis St., Arvida, P. Q., 
Can. (Can.) 

Lemke, Arthur A., San. Engr., Chi- 
cago Pump Co., 529 W. Belden 
Ave., Chicago 14, Ill. (Cen. St.) 

Lendall, Harry N., Prof., Dept. Mun 

San. Eng., Ruts ees Univ., New 
Brunswick, N. J. 


Lenderink, Andrew, a Engr., 910 
Hanselman Bldg., Kalamazoo 1, 
Mich. (Mich.) 

Lenox, Jeet L., Res. Engr., 7 Sher- 
wood Pl., W Orange, N. J. (N.J.) 

Lentfoehr, Cc pation E., Pit. Opr., 
Sew. Tr. , 228 Allen St., May 
ville, Wis. (Gen St.) 

Leonard, O. M., Cons. Engr., Boyd 
E. Phelps, Inc., 616 Spring St., 
Michigan City, Ind. (Cen. St.) 


Wat 
Ave., 


& Sew. 
Circle 


Res., 
Mass 


San. 
Winona 
St.) 


Maint 
Outfall 
Calif 


Engr., 
Sew., 
(Calif 


| Lind, A 
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Leonard, W. V., Dir., Div. of Ind 
Hygiene, St. Bd. of Health, 315 
W. 20th St., Cheyenne, Wyo. 
(Rocky Mtn.) 

4 Leonard, Walter E., 
Wks., 102 
Ohio (Ohio) 

Leonhard, Harold M., Chem., Sew 
Tr Pit., Central, Wyandotte 
Mich, (Mich.) 


Lesher, C. E., Jr., San. Engr., K. 
Ferguson Co., 21555 N 
Cleveland 16, Ohio (Ohio) 


Lessig, D. H., Opr., Sew. Tr. 
110% E. Center St., Warsaw, 
(Cen. St.) 

LeVan, Howard A., Jr., 
Engr., 25 N. Front St., 
Pa. (Pa.) 


James H., 
20 Elm St., 
(Fed.) 
Levine, Max, Chief, 
Terr. Dept. of 
Hawaii (la.) 
LeVine, Richard Y., 69 E 
New York, N. Y. (N.J.) 
Lewis, Bevan G., Plt. Opr., U. § 
Govt., Poughquag, N. Y. (N.Y.) 
Harry C., Opr. Engr., 
Pit 337 Recio St., 
Tex. (Tex.) 


| Lewis, John V., Dir., Bur. of Maint. 
& Opr., Dept. of Public Wks., 54 
Court St., Rochester, N. Y. (N.Y.) 

| Lewis, Willis H., Prin. Engr., Div. 
of San. Eng., Tenn. Dept. of Pub 
Health, 420 ‘Sixth Ave., N., Nash 
ville, Tenn. (Ky. -Tenn.) 


Ley, Charles H., Sales Engr., 
minion Wheel & Foundries, 
171 Eastern Ave., T 
Can. (Can.) 

| Ley, Herbert H., 
| Townsend & 
Acres, Rt. 1, 
St.) 


Opr., 
Spring St., 


Sew. Tr. 
Willard, 


94 


Pit 
Ind 


Reg. Prof 
Harrisburg, 


San 
Great 


Engr.., 
Neck, 


Bur. 
Health, 


of Labs. 
Honolulu 


87th St., 


Lewis, 
Sew 
tonio, 


City 
San An 


Do 
‘oronto 2, Ont., 
Engr., 


Assocs., 


Lombard, IIl. 


Consoer 


(Cen 


Liddle, Elmo G., Sr. Asst. San. Engr., | 
Bidgs. & Safety Eng., | ’ 
Detroit Lockett, 


Detroit Dept. 
18925 Grand 
23, Mich 


( Mich.) 
Lieberman, Morton W., Cons. Engr., 


Lane, New York 7, N 


River Ave., 


Liebman, Henry, Deputy 
Dept. of Pub. Wks., 
St., New York 13, N. Y 


Lien, Carl B., Lien Chem. Co., 
4353 N. Avondale Ave., 

41, Il. (Cen. St.) 

Liguori, Frank R., San. Engr., Cat 
taraugus Co., Health Dept., 302 
Laurens St., Olean, N. ¥. (N.Y.) 

, R. G., Chem., St. Wat. Con- 
ol Bd., 3007 Moss Side Ave 
Richmond, Va. (Va.) 

Lincoln, Robert A., 
Bogert-Childs Eng. 
side Ave., Great 
(N.Y.) 


Chief 


Cons. 


Assox 1 


Hill 


Carlton, 
Co., 1600 W. 
waukee 4, Wis. 
N. Y.) 


Engr., 
Bruce St., 


(Cen. St.; Dual— 


| Lindell, 
221 


O. V., Engr., The Dorr Co., 
N. LaSalle 


Ill. (Cen. St. & Ohio) 


Lindsay, B. M. 
N. J. (Assoc.) 

Lindsley, R. V., 
try of Wks., 
Leeds 


Mill St., 


Tech. Asst., Minis- 
33 Chandos Terrace, 
8, Birmingham, Eng. 


| Lindsten, H. C., 


x. 
Park Dr., 


Ltd., | 


Flowerfield | 


125 Worth | 


Chicago | 


Engr., | 
Neck, N. Y. | 


Chain Belt | 
Mil- | 


Chicago 1, | 


, Wallace & Tiernan | 
Belleville, | 


(ISE) ' 


March, 1949 


Rep., Wallace & 
Tiernan Co., 301 Bank of Ham- 
ilton Bldg., Winnipeg, Manitoba, 
Can. (N. Dak.) 

Link-Belt Co., Att: R. W. 
300 W. Pershing Rd., 
Til. (Cen. St.) 

Lino, F. H. A., 
Seward Ave., 
Y. (N.Y.) 

Linthicum, H. M., Des. 
Disp. System & Pit., 
west 14th Terr., 
(Fla.) 

Lipp, Morris N., City Engr., 
Beach, Fla. (Fla.) 

Lippelt, _— B., Mech. Engr., 
78th Ozone Park, 
(N.Y 


Lischer, Vance C., 
ner & Shifrin, 
Shell Bldg., St. 

Littlefield, 
Vat. Dist., 
Eng.) 

Littlefield, T. K., San. Engr., St. 
Dept. of Pub. Health, 420 6th 
Ave., N., Nashville, Tenn. (Ky.- 
Tenn.) 

Livingston, L 
Purdue St., 

Livingstone, 
James W. 
First Ave., 
N.W.) 

Lloyd, G. H., 
610 Federal 
Can. (Can.) 

Lloyd, Ll., The University, Leeds 2, 
king. (ISP) 

Lloyd, M. P., Supt., Wat. 
Hillsboro, N. C. (N.C.) 
Lobee, Frank A., Jr., Dist. Sales 
Engr., Chain Belt Co., 304 McKin- 
ley _~ Buffalo 2, N. Y. (N.Y.) 
Lockard, ong Mayor, Salem, W. 


Sawant Opr., 

Pit., 21 Rous St., 

Conn. (New Eng.) 

W. T., Supt., W. Middle- 
sex Main Drain. Wks., Oak Lane, 
Isleworth, Middlesex, Eng. (ISP) 

Lo ms Ray, Opr., Sew. & Wat. 
| 28 North Delaware Ave., 
Mo. (Mo.) 

Bronson E., Watertown 
Fire Dist., Watertown, Conn 
(New Eng.) 

Loelkes, Geo. L., Cons., M. S. Van 
Deventer Engrs., 7393 Flora Blvd., 
Maplewood 17, Mo. (Mo.) 

Loftus, Harry P., Supt., Wat. & Sew. 
Comm., Marlboro, Mass. (New 
Eng.) 

Logan, J. O., Mathieson Alkali Wks., 
nc., 60 E. 42nd St., New York 

» N. Y. (Assoc.) 

Logan, Robert P., The Dorr Co., 
570 Lexington Ave., New York 22, 
83 

Logsdon, Ora, Wat. Supt., 
Colo. "(Rocky Mtn.) 

Loiselle, Donald W., 85 Beal St., 
Rockland, Mass. (New Eng.) 

Lonas, Robert A., Boca Raton 
Base, c/o Air Installation, 
Raton, Fla. (Fla.) 

Long, C. Edward, Prof. Engr., 
& Trust Bldg. Greensburg, 
(Pa.) 

Long, F. V., Pres., Vapor Recovery 
Systems Co., 2820 N. Alameda St., 
Compton, Calif. (Assoc.) 


Clark, 
Chicago 9, 


Pit. Opr., 
Bellerose 6, I 


Supvr., Sew. 
1882 South- 
Miami 35, Fla. 


Miami 
9428 

Hor- 


803 
(Mo.) 


Sanford 
(New 


Cons. Engr., 
Cons. Engrs., 
Louis, Mo. 
Emery S., Supt., 
Alfred, Me. 


E., Mfgrs. Rep., 3921 
Dallas 5, Tex. (Tex.) 
David, Des.  Engr., 
Carey & Assocs., 1917 
Seattle, Wash. (Pac. 


. Locomotive Co., 
Toronto, Ont., 


Dept., 


Sew. Tr 
Hartford, 


Buil er 


Brighton, 


Air 
Boca 


Bank 
Pa. 


| 

1 

5 
| 
| 
: 
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Com e, Opr. Engr., Sew Tr. Lubratovich, M. D., Supt., Wat., 

Gates St., Columbus, Gas & Sew. Bip. Dep | 414-16 

Ohio (Ohio) Ww. First St., 2, Minn. 
Long, George S., Asst. Engr., Sew. (Cen. St.) 

Pit., Rm. 501, Municipal Lubrecht, Frank, Cons. Engr., 310 


J. W., Lehman Sewer 
» Inc., 32 Court Street, bok 

N. 
MacCallum, Engr., F. R. 


Harris, Inc., 12 Reid ae Port 
Bldg., Akron 8, Ohio’ (Ohio) Hazleton Nat'l. Zou Bldg., Washington, L. L, N (N.Y.) 

Longan, Francis E., Pub. Health Hazleton, Pa. (Pa.) | MacCallum, Percy C., fad Engr., 
Engr., USPHS, 2918 Lockridge St., | Lucas, Harley E., Engr., Wilson & | 31 Colony St., W. Hempstead, N. 
Kansas City, "Mo. (Fed.) Co., Box 388, Norton, Kan. (Kan.) | %. ae 

Longbottom, V., Opr., Sew. Disp. Lucy, Joseph, Opr., Sew. Tr. Pit., | MacCallum, Robert, Engr., C. Mac- 
Wks., Denton, Gravesent, Kent., 645 Woodworth, Dearborn, Mich. Callum Cons. Engr., 12 Reid. ee 
Eng. (ISP) (Mich Port Washington, N. Y. Y.) 

Longley, F. F., Vice-Pres., Lock Joint | Ludwig, Harvey F., Cons. Engr., | MacCotter, Hugh Joba, oo Man- 
Pipe Co., "East Orange, ae & Ludwig Bros. Engrs., 6038 S. Fair | ager, Jacksonville Beach, Fla. 
( Assoc.) Oaks Ave., Pasadena 2, Calif. | (Fia.) 

Longley, Paul N., Supt., Radnor- (Calif.) MacCrea, J. M., Chicago ae Co., 
Haverford Sew. Tr. Pit., Glendale a | Russell G., Asst. San. Engr., 153 Oakland St., Syracuse, N. Y. 
Rd., Upper Darby, Pa. (Pa.) Co. San. Dist., 1206 s. (N.Y.) 

Longwell, John S., Chief Engr. & Maple five, nm. 300, Los Angeles | MacDonald, J. C., Opr., Sew. Treat- 
Gen. Mgr., East’ Bay Mun. Util. » Calif. (Calif.) , ; ment Plant, 404 Stilwell Court, 
Dist., 512 16th St., Oakland 12, Mec F. J., Chem., Indianapolis Del Paso Heights, Calif. (Cen. St.) 
Calif. (Calif.) _ Dist., 6060 E. Washington | yfacDowell, R. F., Cons. Engr., 401 

Lopez, Victor L., Draftsman, 1711 , Indianapolis 1, Ind. (Cen. St.) Chester-Twelfth Blidg., Cleveland 
Colon St., Santurce, P. (P.R.) F. Bow 14, Ohio (Ohio) 

Lorenz, Dr. K. P., Biol., ag Sei- %. Sout avers » | Mace, H. Harlan, Cons. Engr., 731 
fert & Jost, 114-87 172nd St, St. |, Appleton, Wis. (Cen. St.) Temple Bar Bldg., Cincinnati, Ohio 
Albans 12, N. Y. (N.Y Luff, R. M., al Roslyn Ave. Glen- (Ohio) 

Los Angeles Co. Health a . c/o side, Pa. hcg MacFarland, D., Pennsylvania Salt 
Library, 808 N. Spring ‘ Los | Luippold, t. Mgr., Luippold Mfg. Co., 151 _— St., Pater- 
Angeles 12, Calif. (Calif.) Eng. om, Co. 1930 W. Olympic, son, N. N.]J. 

Los Angeles Pub, Library, Mun. Ref, | _ 10s Angeles 6, Calif. (Calif.) Mack, Frank, Pit. Opr., Mitchell 
Library, 300 City Hall, Los An- | Lumb, C., Opr., Sew. Disp. Wks., Field, 228 Washington St., Frank- 
geles 12, Calif. (Calif.) Salterhebble, Halifax, York., Eng. lin Sq., L. I, N. Y. (N-Y.) 


Los Angeles Pub. Lib., Serials Div., (ISP) MacKenzie, D. K., Gen. Engr., 
630 W. Sth 


| 
| 
St., Los Angeles 13, | Lumsden, Hugh, Cons. Engr., 4 | Hampton Rds. San. Comm., 
Calif. (Calif.) Hughson St., S., Hamilton, Ont., | 309 E. 39th St., Va. (Va.) 
Lose, Charles, III, San. Engr., Amer. Can. (Can.) | ae Kenzie, Vernon G., San. Engr., | 
Cyanamid Co., 181 S. St., Morris- | Lund, Carl A., 4326 W. Fifth St., | Public Health’ Service, East | 
town, N. J. (N.Y.) Duluth 7, Minn. (Cen. St.) Thisd and _ Sts., Cincinnati 
Lose, William L., Contr. & Engr., | Lundberg, Herman F., The Chester 2, Ohio (Fed. I 
171 W. Elmwood Park, Tona- Engrs., 210 E. Park Way, Pitts- | Mackin, J. C., San. Engr., 3865 
wanda, N. Y. (N.Y.) burgh 10, Pa. (W. Va.) Nakoma Rd., Madison 5, Wis. 
Losee, James R., Supt., Sew. Tr. Pit., | Lundy, Ray E., oy Clerk, Good- | _ (Cen. St.) 
25 Rosehill Ave., Tarrytown, N. and, Kan. (Ka MacKinnon, Ronald M., Commis- 
Y. (N.Y.) Lundy, T. E., Koch & sioner _of Works, City Hall, Hali- 
Louis, Leo, Jr. City Engr. City | Flowler, Engrs. 116 Musick St., | _ fax, Nova Scotia, Can. (Can.) 
Hall, Piqua, Ohio (Ohio) ” Grand Prairie, Tex. (Tex.) MacLaren, J. F., Cons. Engr., Gore 
Louisville & Jefferson Co. Metro -_. Fred C., San. Chem., 1124 & Storie, 1130 Bay St., Toronto 
Sew. Dist.. Att: E. H. West, Sec.- Vinewood, aie. Mich. (Mich.) 5, Ontario, Can. (Can.) 
Treas., 310 City Hall Annex, | Lustig, Josep’ City Engr., Janes- | MacLaren, James W., Jr. San. Engr., 
Louisville 2, Ky. (Corp. Ville, Wis? St.) & 126 Golfdale Rd., 
Tenn.) Luther, Robt. W., Pit. Supt. Pub. | 
, Util’ Comm., Box 56 izabeth acLean, iiham emi 
Richmond Hill, L. IL, N. Lyles, L. E., Wat. Supt., W. Univ. To- 
(N.Y.) Pl., Houston, 4301 Darsey, Bell- 
ae rE Park Se aire, Tex. (Tex.) MacLellan, Murdock T., Sales Engr., 
Love, S. D., Op., Egan Par w. 35 Forest Ave., Greenfield, Mass. 
Tr. Pit., Rt. 2, Box 89A, College | Lyman, C. S., ag Sew. Tr. ~~. (New Eng.) 
Ga. (Ga.) "park, Toledo 11, Ohio Maclennan, William E., Mgr. Board 
: oveless, R. “. Assoc., Alden Stil- of Works, City Hall, Donald St., 
4 son & Assoc. 209 §. High St., | Lybrook, W. M., Supt., Pub. Serv., Fort William, Ontario, Can. (Can.) 
Columbus, Ohio (Ohio) Greensboro, N. C. (N.C.) Mectenay, C., Ga 
Pe Lovell Clay Products Co., Att: R. E. | Lynch, Daniel E., Jr., Chem., U. S. School of Techn., Atlanta, Ga. 
Richardson, Lovell, Wyo. (Corp., Govt., 243 Lakeview Ave., Rock- (Md.-Del.) 
Mont.) ville Centre, N. Y. (N.Y.) 


MacNaughton, D. T., Supt., 


Lovell, Theodore R., Engr., Thorpe | Lynch, Howard be Boro Engr., 815 Wks., Main St., Geneseo, N 


Well Co., 1422 Wilson Ave., Des N. Third St., Pottsville, Pa. (Pa.) (N.Y.) 
» Moines, ia. (Ia.) Lynch, James T., Supt., Sew. Tr. | MacNicol, N., Comm. of Wks., 
Lovett, M., W. Riding Rivers Bd., Pit.. 20% Lewton Ave., Auburn, Forest Hill, Ontario, Can. (Can.) 
71 Northgate, Wakefield, Yorkshire, N. Y. (N.Y. MacQueen ah A. bd. Cm 
Eng. Lyng, Ralph, Opr., Sew. Tr.  Pit., Va. Water Comm.. 320 Twen- 
: Loving, M. Cons. Engr., 50 Grove St., Hampstead, L. I., N. we St., Dunbar, W. Va. (W. “ 


Mest Opr., Sew. Tr. Pit., 


Low S., Eng. Insp., Ministr Lyon, H. D., Chem. Engr., Carbide d'St., Hammonton, N. 
"Health, Whitehall, London, S. & Carbon Chem. Corp.. = N. 
Ww. (ISP) MacRostie, JN. B., Cons. Engr., 193 
Lowe, , Dir. Pub. Wks. Sparks S! , Ottawa, “Geteen, Can. 
a. (Va.) % | Madrasz, M. F., San. Chem., Water 
Lowe, Robert P., San Engr., Alle- | santown, W. Va. (W. Va.) & Sew. Lab., Ford Motor Co., 243 
‘ gheny Co. San. Authority, 520 N. Kenwood Court, Grosse Pointe 30, 


7th St., Las Vegas, Nev. (Calif.) Macabee, Lloyd C., Cons. Engr., Mich. (Mich.) 
Lowe, Walter Supt. of Sews., 156 University Ave., Palo Alto, Madison, Sew. Tr. 
Lakewood, N. Y. (N.Y.) Calif. (Calif.) Pit., Winner, . Dak. S. Dak.) 


aa 
; 
: 
: 
x 


430 SEWAGE WORKS JOURNAL March, 1949 


Madison, James W., Supt. Water & | Mann, Karl M., Pres., Case-Shep- ; Martin, Arthur E., Asst. Dept. Mgr., 
Sewer Dept., Plainfield, Ill. (Cen. ar Mann Pub Corp., 24 W. 40th Shell Chemical Corp., 9923 Park 
St.) New York, N. Y. (N.Y.) St., Bellflower, Calif. (Calif.) 

Maga, John A., Assoc. San. Engr., | Mans, Uhl T., Supt., Sew. Tr. Pit., Martin, B. A., Supt., Water Wks., 
Div. of Fish & Game, State Health | 25 Cherry St., Syracuse 10, N. Y. Bowdon, Ga. (Ga.) 

Dept., 32 Hayward Ave., San inv) Martin, Benn, 169 25th Ave., San 
Mateo, Calif. (Calif.) | Mannel, Charles, Civil Engr., 808 Francisco 21, Calif. (Calif.) 
Magee, George W., Opr., Hudson Jackson Bldg., Asheville, N. C. | Martin, C. W., 2632 Washington 
River State Hosp., Poughkeepsie, (N.C.) Blvd., Huntington, W. Va. (W. 

Arthur §., Cons. Engr., Va.) 

Maglott, Don S., Dist. San. Engr., Aberdeen, 5. Dek. (S. Dak.) Martin, Charles P., City Engr., City 
State Dept. of Health, 127 Troupe | Mannes, C. O., Engr., DeWitt C. Hall, San Leandro, Calif. (Calif.) 
Ave., Bowling Green, Ohio (Ohio) | — Griffin & Assocs., 717 Lloyd Bldg., . 

Martin, Earl H., San., Midland Co 

Magnuson, Francis J., City Engr., Seattle 1, Wash. (Pac. N.W.) Health Dept., Midiand, Mich 
107 City Hall, Rochester, Minn. | Manning, Thomas J., Opr.-Engr., ( Mich.) 

Ss Si ) aL *oug 4 
(Cen, St.) i : U. S. Discip. Barracks, Poughquag, Martin, Edward J., Jr., Cons. Engr., 

Maguire, Charles A., Cons. Engr., N. ¥. (N.Y.) 24 S. Washington St., Tarrytown, 
Charles A. Maguire & Assoc., 1015 | Manock, W. R., Horton Steel Wks., N. ¥. (N.Y ¥ 
Turks Head Bldg., Providence, R Ltd., Jennet St., Port Erie, On : . - 

ng nek Martin, F Chem., Mun. Sew. 
I. (New Eng.) | tario, Can. (Can.) Wks. 105 N. 18th St... Marshall 

Magwood, W. H., City Engr., Corn Mansfield, Clifford S., Cons. Engr. town, lowa (Iowa) laa 

wall, Ontario, Can. (Can.) 400 Salem St.. Wakefield, Mass tig 4 . 
i Martin, Frank, Dist. Megr., Wallace 

Mahapatra, M., 2743 Maryland Ave Cae om) & Tiernan Co., 615 Laclede Gas 

Baltimore 18, Md. (Md.-Del.) | Mansfield, M. G., Vice-Pres., Morris Bldg., St. Louis, Mo. (Mo.) 

Maher, Miss M. C., Town Clerk, Knowles, Inc., Sth Ave. & Smith 
Deseronto, Ontario, Can. (Can.) | Park Blidg., Pitts- Boro Disp. Pit.. 

Mahlie, W. S., Chem., City Water M fel, O Se (Pa.) 

Dept., P. O. Box 870, Fort Worth, anteule awrence A., pr., sew . = 
(Tex. ) Tr. Pit., 622 Henrietta St., Wau 

Maier, F. J., San. Engr., U. S. Pub- sax, Wis. (Cea, St.) (Cen. St.) 
lic Health Serv., 5513 Fairglen , Marchon, Siegmund S., Asst. Plt. field Eng 
Lane, Chee y 15, Md (Fed ) Opr., 29 N. Park Ave., Rockville wile, 
Centre, N. Y. (N.Y.) ico, inc 806 Milam St., ous 

Main, Ralph A., Civil Engr., Wabeek ; . on, Tex. (Tex.) 

Bldg., Birmingham, Mich. (Mich.) Co startin Ronald F., Asst. City Engr., 

Main, Thomas C., Cons, Engr., Main City’ Hall, St. John’s, 
monton, Alberta, Can. (Can.) calf & Eddy, 225 Dedham St., : : st.. Fe 

Mains, F. H, Mgr, Gen. Ele: Dover, Mass. (New Eng.) Wis Assn 913 Union 
Company, New Kensington, Pa Marini, Israel Rivera, 6 Zaida Bldg., Champaign, Ill. (Cen. St.) 
(Pa.) 1066 Fernandez Campos St., Stop Gon. 

Chicago Pump Co., 5532 Kenwooc Mark, ichard S., San. Engr., 
Ave., Chicago, Ill.’ (Cen. St.) USPHS, 31 S. Second St., Leba 

Office, Leek Rd., Stoke-on-Trent Marks, Henry C., Dir., Chem 
Staffordshire, England (1.S.P.) search, Wallace & Tiernar of 

Male, L. H., San. Engr. Dir., U. S Inc. 11 Mill St., Belleville, N. | Chares  Baltimae Md 
Health Serv., Dist. No. 3 M (Md.-Del.) 

852 U. S. Custom House, Chicago arr Mer vugatuck Chem 
Mil, (Fed.) icals, Ltd., Elmira, Ontario, Can. | Mareec, Edmund J., Public Health 

Malia ieu, W Supt Water ) 270, Spencer, 
Yept., P. O. Box 188, Boonton, Marsden, G Sew KS., ‘ 
N. J. (N.J.) Blackford Bridge, Bury, Lanca- — oy 

J..C., Prin Ralph Ww Eng. (ISP) rr. I Ave., "Mason. City, iowa (Towa) 
O'Neill & Assocs., 3 Brand | Marshall, E. A., Supt., Sew. Tr. Plt., Cite af c/o 

Bivd., 4, if. (Calif.) 167 Lafayette Ave., Geneva, N. wee 

Mallmann, W. L., Prof.. Dept. of (N.Y.) S. Del. Ave. "Mason City, iowa 
Bact., Mich. State College, I Marshall, J. C., Supt., Sew. Tr. Plt., (Towa) 

Lansing, Mich. (Mich.) Charlevoix, Mich. (Mich.) Mason: Clyde P., Cons. Engr., 507 

Mallory, Edward B., Cons. Engr. Marshall, Leslie S., Village a f Lafayette Ave., Lexington, . Ky 
169 E. Clinton Ave., Tenafly, N 43 Dietz Street, Hempstead, (Ky.-Tenn.) 

J. (Mich, & Pa.) (N.Y.) i Mason, E. R., 384 Bay St., N., Ham 

Malone, J. R., Chem., Water Dept Marshall, W. B., Sales Promotion ilton, Oontario, Can. (Can_) 
1312 N. Gregson St., Durham, N Mer., Chain Belt Company, Mil 


Martin, George W., —_. Mt. Gretna 
t. Gretna, Pa 


so! S 
C. (N.C) waukee, Wis. (Assoc.; N. 
Massey, G. DeSigner, 
, Hubbard fassey, Cons. 
Va. (W. Va.) Marshall, William, San., Techn. Spe F oe Bldg., Fairfax, Va. 


Maloney, Pat, Sec., W. Va. League Marshall, W. W., Supt. of Sewers 
of Mun., Box 2851, Charleston, W. Orangeville, Ont., Can Sey ) 


Malony, George A., Instr., San. Eng. cialties Co., 131 N W alnut, Yel 
Univ. of Calif., Civil Eng. Div., low Springs, Ohio (Ohio Fi oe ’ 
ord Bldg., Fairfax, Va. 
Berkeley 4, Calif. (Calif.) Marshall, William D., Rep. The Masters Plumbers Assn. of W 
Malony, W. L., Cons. Engr., Symons Mathieson Alkali Wks., 117 Edge Deal Cle Ie, Bee, 
Idg., Spokane, Wash. (Pac. N.W.) wood Rd., Ardmore, Pa. (Pa.) Box 1948. Charleston 27, W. V 
ton, Mech. & Elec. Engrs., 13 Cal- | all Re ew Garden ichmond, Re “ee 
cutta House, Loveday St., Johannes- Surrey, Eng. (ISP) 
se Africa (ISP) Marston, Frank A., Cons. Engr., | ville 1, Fia. (Fla.) 
Mandigo, Brayton W., Supt., Metcalf & Eddy, 1300 Statler | , . 
Parkersburg, Dev Boston 16, Mas (New 590, ‘Sterling, Colo. (Rocky Mtn.) 
Maniates, G. B., Asst. Chief Chem., Martin, A. E., Opr., Sew. Tr. Pit., | Mather, P., Sew. Disp. Wks., East- 
Nat'l. Container Corp., Big Island, 35 Ave., Kenmore, N. Y Todmorden, Lancs., Eng. 
Va. (Va.) (N.Y (ISP 
Mann, Alfred H., Opr., Sew. Tr. Plt., Martin, Alexander G., Opr., Sew. Tr. Mathers, George, Opr., Sew. Tr. Plt., 
111 N. 18th St., Olean, N. Y. Pit., 36 Kinsy Ave., Kenmore, N. | 112 Roosevelt Ave., Garden City, 
(N.Y.) Y. (N.Y.) 4.2.) 


Massey, G. Hubbard, Cons 
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‘ 
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Matheson, Donald M., Engr., Nichols 
Chemical Co., Ltd., Eng. Service, 
1917 Sun Life Bldg., Montreal, 
Quebec, Can. (Can.) 

Mathew, K., Cons. Engr., 
Dakota En Co., 309 Western 
Bidg., “Mitchell, S. Dak. (S. Dak.) 

Mathews, E. R., San. Chem., State 
Bd. of Health, Div. of 7 Eng., 
Pierre, S. Dak. (S. Dak. 

Mathews, Frank E., Supt., am r. 
Pit., P. O. Box 
Wash. (Pac. N.W.) 

Mathews, George M., Thos. Worce- 
ster, Inc., 84 State St., Boston, 
Mass. (New Eng.) 

Mathews, W. W., Supt., 
Dist., P 


(Cen. St.) 


Matter, L. D., 
of Health, 
Harrisburg, Pa 


Mattern, G. L., 
Mattern, 
(Va.) 

Mau, Gordon FE., San. Engr., State 
oard of Health, Marvin’ Hall, 
Univ. of Kansas, Lawrence, Kansas 
(Iowa) 


Gary San 


Dist. Engr., Pa. Dept. 
2536 Lexington St., 
(Pa.) 


Partner, Mattern & 
Engrs., Roanoke, Va. 


Maupin, William T., Owner-Mgr., 
Central Eng. Co., Inc., N. 
Maple St., Fresno, Calif. (Calif.) 

Maurer, Joseph A., Reg. 
Engr., 1307 N. 
‘a. (Pa.) 

May, D. C., Engr., 
Norris & May, 
Wolverine Bldg., 
(Mich.) 


May, Harold L., Engr., 
Sewer Div., City Hall, 
Calif. (Calif.) 

May, Laurel F., 
Ultramarine Co., 
Va. (W. Va.) 

Mayeron. Harry, Civ. 
Orr Eng. Co., 
Ave., Minneapolis, 
St.) 


Reading, 


Ayres, Lewis, 
Cons. Engrs., 506 
Ann Arbor, Mich. 


Water & 
Palo Alto, 


Chem., Standard 
Huntington, W. 


Engr., G. M. 
1004 Marquette 
Minn. (Cen. 


Mayne, Arthur H., 
5034 S. E. Steele, 
gon (Pac. N.W.) 

McAdoo & Allen Welting Co., 
Hellertown Ave., 
(Corp., Pa.) 

Paul J., 
Co., 2045 


Cons. Engr., 
Portland, Ore- 


South 
Quakertown, Pa. 


Engr., 
Hunting Park Ave., 
Philadelphia, Pa. (Pa.) 


McAmis, J. W., Supt., Wat. Wks. 
and Sew., Greeneville, Tenn. (Ky.- 
Tenn.) 


McArthur, Franklin, Twp. 
Etobicoke Twp. Hall, 
Ontario, Can. (Can.) 


McAuley, William F., Const. 
620 Atlantic St., 
Conn. (New Eng.) 


McBrayer, Ruth (Mrs.), 
Mer., Belle Alkali Co., 
Va. (W. Va.) 


McBride, George A., Mer., Detroit 
Off. Infilco Inc., 1370 Harvard, 
Grosse Pte. Pk., Detroit 30, Mich. 
(Mich.; Dual—Ohio) 

McBrien, S. R., Supt., Public Util- 
ities Comm., Aylmer, Ontario, Can. 
(Can.) 

McCabe, Brother Joseph, Instr., 
Manhattan College, Spuyten Duyvi 
Parkway, New York, N. Y. (N.Y.) 

McCall, R. G., San. they State 
Health Dept., Charleston, W. Va. 
(W. Va.) 


Engr., 


Supt., 
Bridgeport 4, 


Asst. Sales 
Belle, W. 


Prof. Civil | 


| 


. O. Box 388, Gary, Ind. | 


| McCleary, E. 


| McCormac, H. 


Link Belt | 


CONSOLIDATED MEMBERSHIP DIRECTORY 


McCallum, Allan W., Western 
Anthes Foundry, Ltd., Saskatche- 
wan Ave., Winnipeg, Manitoba, 
Can. (Can.) 

McCallum, G. E., San. Engr. 
USPHS, Office of the Surgeon Gen., 
Health Emergency Planning, Wash- 
ington 25, D. C. (Fed. 

McCannel, D. A. 
Hall, 
(Can.) 

McCarthy, 
rence Experiment Station, 4 Island 
St., Lawrence, Mass. (New Eng.) 

McClain, E. C., Supt. of Streets, 
1552 2nd St., Lebanon, Oregon 
(Pac. N.W.) 

McClave, S. Wood, Jr., Cons. Engr., 
600 cage Rd., Cliffside Park, N 

N.J. 


R., Cit 
Regina, Sask., 


Engr., 


Mgr., Dallas Water 
Dallas, Oregon (Pac. N. 


McClelland, W. 
Mgr., Blythe 
Ave., 


S., Sr., Sr. Cons. 
Bros. Co., 2911 
Charlotte, N. C. 
McClenahan, Ga. 
San. Dist. of Chicago, 
Michigan Ave., 
(Cen. St.) 

McCloskey, C. A., Dist. Sales Mar., 
Pa. Salt Mfg. Co., P. O. Box 
2084, Paterson, N. J. (N.J.) 

McClure, Ernest, Opr., Sew. Tr. Pit., 
Galva, Ill. (Cen. St.) 

McColl, Eli S., Investigator, Refiners 
Comm. on Waste Disp., Box 56, 
Long Beach, Calif. (Cal if.) 

McConkey, L. W., Mayor, Town 

all, Niagara-on-the-Lak e, On- 
tario, Can. (Can.) 

McConne), Chas. A., Jr 
Health Lab., c/o ie 
Survey, 
Box 251, ‘Schuylkill 
(Pa.) 

Wks. & Water Wks., 
tario, Can. (Can.) 

McCord, C. M., Dir., Water Div., 
P. O. Box 388, Memphis 1, Tenn. 
(Ky.-Tenn.) 


Engr., 
910 S. 
Chicago 5, 


©. 
Haven, Pa. 
Supt., 
Kenora, On- 


Treas., Va. 


len Co., Winchester, Va. 
Va.) 

McCormack, T. K., Jr. 
Nassau County Dept. 
60 Oaktree Lane, 
Gz 

McCoughan, Frank A., Engr., 
& Noyes and Assoc., 2204 
Petroleum Bldg., Dallas 1, 
(Tex.) 


McCoy, J. W., Supt. 
Municipal Water, 
age, fadisonville, 
Tenn.) 


McCoy, Lloyd R., Chem. oat, 
Dept., Diamond Alkali Co., 
Smithfield St., Pittsburgh, 
(Ohio & Pa.) 


McCracken, Roy, Asst. Tech. Supt 
E. I. du Pont de Nemours & 
Inc., Waynesboro, Va. (Va.) 


McCrady, MacHarvey, Chief of Lab., 
Ministry of Health & Social Wel- 
—_ 89 Notre Dent. E., Mon- 
treal, P. Q., Can. Can.) 


San. Engr., 
of Health, 
Hicksville, N. 


Myers 
Tower 


Tex. 


of Filtration, 
Light & Sew- 
Ky. (Ky.- 


McCreary Melvin S., Asst. to | 
a\ | McGuire, M. H., Gen. 


% 8 Pulp & Paper Co., 
Williamebung Pa. (Pa.) 


wy Don Hull, Pres., Quinton 

Engrs., u?. Suite 300, 816 S. 
Figueroa‘ Angeles 14, 
Calif. Calif} 


| McCreery, 


| McCue, J. 


Can. | 
Joseph A., Chem., Law- | 


Public | wicFaul, W. L., 


(W. | 


| McGuire, 


| McGuire, 
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W., Southern Sales 
m Pipe Co., 1711 First 
Nat’l. Birmingham, Ala. 
(Ky.-Tenn.) 

S., 41 
Chester-le-Street, 
England (ISP) 

McCutcheon, J. R., Jr., Dist. Rep., 
American ‘ar & Found dry Co., 
2224 Farmers Bank Bldg., Pitts- 
burgh, Pa. (Ohio; Dual—W. Va.) 

McDill, Bruce M., Asst. Engr., Ohio 
Dept. of Health, 302 Depts. of 
Columbus 15, Ohio 


Park Rd., N., 
Co. Durham, 


McDonald, F. Chief San. Engr 
Ark. State Bd. “of Health, 1725 N 
Monroe, Little Rock, Ark. (Ark.) 

McDonald, G. S., Civil Engr., Sir 
Herbert Humphries & McDonald, 
Navigation Chamber, 90 Naviga- 
tion St., Birmingham, England 
(ISE) 

McDonald, James, _ Insp., Mich. 
Stream Control Comm., 318 E. 
Greenlawn Ave., Lansing 10, Mich. 
(Mic 


McDonald, John D., Opr., Tr. 
Pit., 67 Hartford 
field, Mass. (New Eng.) 

McDonald, N. G., Cons. Engr., 
Storrie, 1130 Bay St., 

. Ontario, Can. (Can.) 

George H., 16 Carew 
South Hadley Falls, Mass. (N.Y.) 

McDowell, W. .. 18 Bowerwalls 
a Renfrew, Scotland 
(TS 


Gore 
Toronto 


McElya, O. R., Sales Engr., 4303 
Somerville, Dallas 6, Tex. (Tex.) 

McFarland. William H., Cons. Engr., 
12 Elizabeth St., Port Dickinson, 
Binghamton, N. Y. (N.Y.) 

McFarlane, Walter D., Opr., 
Tr. Pit., 14365 Marlowe Ave., 
troit 27, Mich. (Mich.) 


City Engr., City 
Ontario, Can. 


Sew. 
De- 


Hall, 
(Can.) 
McGarry, Frank L., Pit. Engr., Col- 
lege Misericordia, Dallas, Pa. (Pa.) 
McGaughey. P. E. Prof. of San. 
Eng Va. Inst... 
Va. 


Hamilton, 


Blac ksburg, 
McGee, O. V., Monroe, N. C. (N.C.) 


McGeorge. W. L., San. Engr., U. S. 
1708 S. E. Bybee, 
Portland 2, Oregon (Calif.) 

ena L. M., Cons. 
McGoodwin Engrs., 
Fayetteville, Ark. (Ark. 


McGrail, Paul J., Engr. 
Axon, 408 Olive St., 
Mo. (Mo.) 


McGrath, C 
Clinton St., 
(Mich.) 


Russell 
$t. Louis 2 


P.. Cons. Engr., 116 
Mt. Clemens, Mich. 
McGregor, Albert L., Sew. 

Boca Raton Air Field See It., 
Boynton Beach, Fla. 


Carl D., Sr. Chem 
Tr. 448 Clinton Sti, 
lumbus 2, my (Ohio) 
Gen. Mar., Assoc. 
Chemicals Tia, 14 Darrel Ave., 
Toronto, Ontario, Can. (Can.) 


Mer., Water 
Ore- 


Sew. 
Co- 


& Light Dept.. 
gon (Pac. N. 
McGuire, O. E., San. Engr., Mich. 
Dept. of Health, N. Peninsula 
Off., Escanaba, Mich. (Mich.) 


|| 
| | 
| 
| 
| 
| 
Ry 
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McGuire, P. J., Western Div. Mer., | 
Oliver’ United Filters, Inc., 2900 
Glascock St., Oakland 1, Calif. 
(Calif.) 

McHugh, Basil, City Engr., City 
Engineers Off., Renton, Wash. 
(Pac. N. W.) 

McHugh, C. J., Clk., Town Hall, 
Riverside, Ontario, Can. (Can.) 
McIlvaine, William D., Jr., Dir., 
Eng. Extension Serv., Univ. of 
Alabama, University, ‘Ala. (Tex.) 
McInerney, Gerald J., Opr., Sew. 
Tr. Pit., 544 S. Main St., Elmira, 

N. Y. (N.Y.) 

McIntire, James N., Water Analyst, 
American Viscose Corp., Parkers 
burg, W. Va. (W. Va.) 


McIntosh, Pierce B., San 2 
Lincoln Way, Sparks, Neb. ereaiit ) 

McIntosh, Russell W., Koppers Co., 
Inc., 390 9th St., San Francisco, 
Calif. (Calif.) 

McIntyre, F. J., Dir., Water & 
Chem. Lab., 58 Olentangy St. 


olumbus 2, Ohio (Ohio) 

McIntyre, John C., San. Engr., 
Corps of Engrs., Dept. of Army. 
Box 381, Sausalito, aif (Calif.) 

McKay, C. R., Pit. Opr., Wat. & 
Sewer Dept., Brownsville, Tenn. 
(Ky.-Tenn.) 

McKay, R. Donald. San. Engr., 
Dept. of Public Health, Halifax, 
Nova Scotia (Can.) 

McKay, W. G., Asst. Engr., Under- 
wood & McMillan, 502 Grain 
Bidg., Saskatoon, Sask., Can. 
(Can.) 

McK. Davey, B., Gen. Mgr., Cana- 
dian Devices Ltd., 614 St. James 
We Montreal, Quebec, Can. 
(Can.) 


McKee, San. Engr., Kraft 
Co., Box 346, Pros- 
pect Til. (Cen. St.) 

McKee, Jack E., Partner, Camp, 
Dresser & McKee, 24 Surrey Lane, 

Natick, Mass. (New Eng.) 

McKeeman, Edwin C., Supt. of 
Sanitation, 123 New York Ave., 
Freeport, L. I., N. Y¥. (N.Y.) 

McKeever, R. L., .Sypt., Sew. Tr. 
Wks., 236 W. Oak St., Wauseon, 
Ohio (Ohio) 

McKenna, Harold K., Chem., 
Tr. Pit., 520 E. Third St., 
Mich. (Mich.) 

McKinnie, M. B., Supt., 
Pit., 1324 Del Mar Ave., 
Calif. (Calif.) 

McLaren, Alfred M., Sales Engr., 
Fairbanks Morse & Co., 3772 
Dublin Ave., Los Angeles 
Calif. (Calif.) 

Me Lau; ghlin, Carrol W., 

Ave., 


Sew. 
Flint, 


Sew. Tr 
Modesto, 


Civil Engr., 
Hempstead, 


McLaughlin, H. L., Salesman, Pitts- 
burgh Meter Co., 1310 Race St., 
Denver, Colo. (Rocky Mtn.) 


Mc cLaughlin, John, Passaic Valley 
Sew. Comm., Si Harrison St., 
Bloomfield, N. 


McLaughlin. P., Pie Purification 
Dept., City Chambers, Glasgow, 
Scotland (ISP) 

McLaughlin, R. M., Dir. 
San., Westchester Co. 
Health, 22 Grandview Ave., 
Plains, N. Y. (N.Y.) 

McLean, A. J., Plt. Opr., Vet. Ad- 
min. Hosp., 30 Dogwood Lane, 
D No. 1, Northport, N. Y. 

(N.Y.) 


Div. of 
Dept. of 
White 
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McLean, Claude, Chem., Ariz. Test- 


ing Lab., Box 1888, Phoenix, Ariz. 
(Ariz.) 

McLean, D. L., Supt., Greater Win- 
nipeg San. Dist., 185 King St., 
Winnipeg, Manit iba, Can. (Can.) | 

McLean, R. F., Water Supt., Walla 
Walla, Wash. (Pac. Ww.) 

McLellan, J. Burns, Design Engr., 


Cons. Engrs., 
Louisville 8, 


Maurice L. Miller, 
4822 Bellevue Ave., 
Ky. (Ky.-Tenn.) 
McMahon, D. F., Quigley Co., Inc., 
527 Fifth Ave., New York City 
17, N. Y¥. (Assoc.) 
McMahon, Walter A., Opr 
Pit., P. O. Box 542, 
Conn. (New Eng.) 
McManamna, T. L., Pres., Interna- 
tional Water Supply Co 373 
Wortley Rd., London, Ontario, 
Can. (Can.) 
McMenamin, C 
Pit. 


Sew. Tr. 
Torrington, 


Tr. 


Bis 
7 Bound 
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Brook, N. 
McMillan, G., 
2366 E. Orange Grove Ave., 
dena 7, Calif. (Calif.) 
McMillen, C. L., Foreman, Sew 
Pit., City’ Bldg., New Cas- 


Supt., Sew. 
Ave., 


City Mgr., 
Pasa- 


McMorrow, B. J., Dir. Bur. of 
Sanit., Territorial Bd. ‘of Health, 
P. O. Box 3378, Honolulu 1, T. H 
(Calif.) 

McMorrow, Thomas M., San., = 
tra Costa Co. Health ‘~ 


125, Hall of Records 
Calif. (Calif.) 

McMullen, William, Sew. Wks. Opr., 
1214 Constance, Collinsville, Ill 
(Cen. St.) 

McNamara. W. P., Engr., City ae. 


Dept., 402 County- City Bldg., 
attle, ‘Wash. (Pac. N. W.) 

McNamee, Paul D., Opr., D. C. 
Sew. Tr. Plit., Blue Plains, D. C. 
(Fed.) 

McNicholas, J., Brockhurst House, 
Bescot Crescent, Walsall, Staffs., 
England (ISP) 

McNiece, L. G., Engr., Orillia Wa- | 


ter & Light Comm., Orillia, On 


tario, Can. (Can.) 

McPhail, Alex L., Supt., Water Wks 
Comm., Municipal Bldg., St. Cath- | 
arines, Ontario, Can. (Can.) 

| McShea, James J., Opr., Sew. Tr 
Pit.. 20 John’ St., Poughkeepsie, 
N. Y. (N.Y.) 

McVey, Earl, City Engr., Ansted, 
W. Va. (W. Va.) 

McWayne, A., Cons. Engr., Perkins 

| & McWayne, 320 Paulton Bldg., 
Sioux Falls, S. Dak. (S. Dak.) | 

McWilliams, D. B., Mer., Dresser 
Mfg. Co., Ltd., 60 Front St., W., 
Toronto, Ontario, Can. (Can.) 

Mead Corporation, Att: H. T. Ruff, 
Chillicothe, Ohio (Corp., Ohio) 

| Meadows, C. A., Engr., C. A. Mead 
| ows Assocs., 4 Grange Rd., To 
ronto, Ontario, Can. (Can.) 

Meaney, William J., Jr., Supt., Dept. 


of Streets & Public Improvement, 


City Hall, Cedar Rapids, Iowa 
(Cen. St.) 

Meats, G. R. E., “Fairleigh,’’ Cov- 
entry Rd. Burbage, Hinckley, | 
Leics., Eng. (ISP) 

Mebus, Chester W., Prof. Engr., 112 
S. Easton Rd., Glenside, Pa. set ) 

Mebus, George B., Cons. Engr., 

S. Easton Rd., Glenside, Pa. ips ) | 
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Mechanik, Joseph, Civ. Engr., Cit 
Bd. of Water Supply, 216 E. 17 
St., New York 3, N. Y. (N.Y.) 

Lewis C., ir. Chief Des. 

Engr., W. Constr. Jept., Maloney 
Bldg., Pittsburgh, Pa. (Pa.) 

Medberry, H. Christopher, Chief Wa- 


Mechling, 


ter Purif. Engr., San Francisco 
Water Dept., Millbrae, Calif. 
(Calif.) 


Medford, John L., — Engr., Brink- 
ley, Ark. (Ark. 

Medland, C. Pres., Mumford 
Medland, Ltd., 576 Wall St., Win- 
nipeg, Manitoba, Can. (Can.) 

Meeker, Herbert J., Mar., Sewage 
Div., Worthington Mach. 
Corp., Harrison, N. J. (N.Y.) 

Meem, Stephen H., Town i Bed- 
ford, Va. (Va.) 

Mehlburger, Max A., 
1018 Pyramid Bldg., 
Ark. (Ark.) 

Mehta, J. K., 5 Bank St., Box No. 
64, Bombay, No. 1, India (ISP) 
Mehta, K. D., Asst. Engr., I Div., 
Public Health Eng. Dept., Meerut 
(U. P.), India (Can.) 
Meiter, Wm. A., Dist. Megr., 
ington Pump & Mach. Corp., 
Church St., Buffalo, N. Y. (N. Y.) 
Melton, James H., Sew. Tr. Pit. 
Opr., Naval Ammunition Depot, 

Bangor, Wash. (Pac. N. W.) 

“yo Isador W., San. Engr., 

Corps of Engrs., 5430 
30th st N. W., Washington 15, 
D. C. (Md.-Del.) 

Mendoza, Luis H., 
61 Margarita St., 
Puerto Rico (P.R.) 

Mengel, Carl W., Wm. C. Olsen, 
Cons. Engr., Raleigh, N. C. (N.C.) 

Menzies, J. Ross, Dist. Engr., Dept. 
of National Health, Rm. 201, 379 
Common St., Montreal, Quebec, 
Can. (Can.) 

Meranda, Norman E., Supt. of Util., 


Cons. Engr., 
Little Rock, 


San. Engr., No. 
Rio Piedras, 


Box 225, Yellow Springs, Ohio 
(Ohio) 
Mercer, H. S., Supt., Sew. Wks., 


Kings Mead Road, High Wycombe, 
Bucks, England (ISP) 


Mercer, J. M., Asst. Civ. Engr., San. 
Dist. of Chicago, Rm. No. 700, 
3. Michigan Ave., Chicago 5, 

(Cen. St.) 

Merck & Co., Stonewall Pit., 
N. Millar, Elkton, Va. 
Va.) 

Meredith, E. C., Asst. Engr., State 
Dept. of Health, 708 State Office 


Att: J. 
(Corp., 


Bldg., Richmond, Va. (Va.) 
Meredith, T. O., Engr., Fed. Wks. 
Agency, P. O. Box 1129, Wash- 
ington, D. C. (Fed.) 
Merkel, Paul P., Cons. Chem., 1707 
Olive St., Reading, Pa. (Pa.) 


Merlo, Louis A., Jr., Sterling Constr. 
Co., Windsor, Ontario, Can. (Can.) 


Merman, Robert G., Asst. San. Engr., 
Water Control Lab., The Atlantic 
Refining Co., 3144 Passyunk Ave., 
Philadelphia, Pa. (Pa.) 


Merrick, Ray, Asst. Supt., Sew. Tr. 
Pit., 1019 S. Courtland, Kokomo, 
Ind. (Cen. St.) 

Merrill, Walter E., Pub. Health 
Engr., State Dept. of Health, 61 
Madison St., Medford 55, Mass. 
(New Eng.) 


Merryfield, Fred, Assoc. Ore- 


Prof., 
gon State College, Industrial Bldg . 
17th & May, 
N. W.) 


orvallis, Ore. (Pac. 


* 
us 
a 
yt 
| 
=) 
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aspen, Harold W., Asst. San. 
. Oregon State Bd. of Health, 
Corvallis, Ore. 


Merwin, 
238 Main § 
(New 

Merz, H. Spencer, Supt., 
Pit., 3227 W. Gate 
Rockford, Ill. (Cen. St.) 

Merz, R. C., San. Engr., A 2, Univ. 
Houses, Eagle Hts., Madison 5, 
Wis. (Cen. St.; Dual—Mich.) 

Messer, Richard, Dir., Bur. of San. 
Eng., State Dept. of Health, 708 
State Office Bldg., Richmond, Va 
(Va.) 

Metcalf, Coburn C., Engr., Jones & 
Henry, 811 Continental 
R. R , Box 189, Toledo 

Ohio (Ohio) 

Metcalf, Ralph L.. Engr, Fla. State 

of Health, Bur. of San. Eng., 
O. Box 210, Jacksonville, Fin 

Metyko, Frank J., Cons. Engr., 
Scanlan Bldg., Houston, 
(Tex.) 

Metz, mg Supt., Water & Sew. 
Dept., Carthage, Ill. (Cen. St.) 
Metzger, Opr., Sew. Tr. Pit., 
R. R. 1, Goshen, Ind. (Cen. 


Chain Belt Co., 
, Cambridge 42, Mass. 


Sew. Tr. 


Tex. 


Jess, 
No. 
St.) 
Metzler, F., Asst. Engr., 

iv. of Sa Kansas State Bd 
of Health, ‘Bie. 2, Marvin Hall, 
K. U., Lawrence, Kansas (Kan.) 
Meyer, Carl F., Prof., 
Polytechnic Inst., Worcester 2, 
Mass. (New Eng.) 

Meyer, L. N., Chf. Wks. Engr., 
Aluminum Co. of America, Cres- 
sona, Schuylkill Co., Pa. (Pa.) 

Meyer, Louis P. H., Retired, 583 
Dolores St., San Francisco 10, 
Calif. (Calif.) 

Meyer, William G., aes. Supt., 
mont W t., Box 209, 
mont, W. W. Va.) 

Michael, Asst. Pit. 
Pilgrim State Hosp. Dept. ra 
= oo Holbrook, L. I 


Fair- 
Fair- 


Mes: 


Sew. Tr. Pit., 
Minneapolis 7, 


K. L., Supt., 
639 E. 57th St., 
Minn. (Cen. St.) 

Mickel, John C., Supt., Sew. Tr 
Pit., Boscobel, Wis. (Cen. St.) 

Mickle, Chas. T., r., San. Dist. 
of Chicago, 219 Elmwood Ave., 
Oak Park, Ill. (Cen. St.) 

Middleton, Francis M., S. A. Sani- 
tarian (R) USPHS, 5290 W. Mich. 
Ave., Ypsilanti, Mich. (Fed.) 

Middleton, Joseph L., 
hicago Pump Co., 
St., Chicago 18, Ill. (Cen. — 

Middleton, Walter, Opr., 
Pit., 116 E. 

J. (NJ. 


San. Engr., 
2300 Wolfram 


Tr. 

boro, N. 

Mieldazis, J. J., Engr., Fed. Wks. 
Agency, 683 The Alameda, Berke- 
ley 7, Calif. (Fed.) 

Miekle, John L., Prof. Engr., 
kert-Miekel, 203 N. Grand Ave., 
Waukesha, Wis. (Cen. St.) 


Miick, Fred E., Vice-Pres., Link- 
Bel Pacific Div., "361 S 
. Los Angeles 33, 
Calif. (Calif.) 
Milam, J. H., ne Mer., Bank i 
Dunbar Bldg unbar, W. 
(W. Va.) 
Milani, Jerome, Supt., 
230 Jefferson Ave., 
Heights, N. J. (N.J.) 


Sew. Tr. Pit., 
Hasbrouck 


| 


Parkway, | j 


| Millensifer, R. W. 


| Miller, Alden W., Sales Engr., 
18. 


CONSOLIDATED MEMBERSHIP DIRECTORY 


Milaeger, Ralph E., 
San. Engr., Milaeger ell Drilling 
Co., 4630 W. Burleigh St., Mil- 
waukee, Wis. (Cen. St.) 

ey Harold T., Supt., Pub. 

Aldrich St., Shorisville, Y. 

| Miles, Henry J., Prof. of Civil Eng.. 
A. & M. College of Texas, College 
Station 1, Tex. (Calif.) 

Assoc. San. 


D 
Health, Charleston, 


Johns- 

Manville C 2300 Ave., 
N., Great Falls, Mont. (Mont.) 

Miller, A. S., Opr., Sew. Wks., 
Manor Farm. Reading, Berkshire. 
England (ISP) 

Manville Sales Corp., 

13th Ave., Phoenix, Ariz. TAtis) 


| Miller Arthur P., San. Eng. Dir., 
ISPHS, 


608 | 


Miller, Frederick M., Asst. 
Worcester | 


Miler, John B., San. Engr., 


| Miller, 


Rue- | 


Rm. 4122, Federal Se- 
curity Bldg. S., Washington 25, 
D. C. (Fed.) 


Miller, David R., San. Engr., 
Public Wks. Dept., No. 131, U. S 

N. T. C., Great Lakes, ll.’ (Cen 

Miller, Frank H., Asst. Engr., Va. 
Dept. of Health, Essex Bldg., Nor- 
folk, Va. (Va.) 

Pit. Opr., 
City of Glen Cove, P. O. Box 133, 
Glenwood Landing, N. Y. (N-Y.) 

Miller, J. John, Cons. Engr., Kappe 
Associates, 35694 S. Stafford St., 
Arlington, Va. (Pa.) 

Bur. of 
San’ Eng., State Bd. of Health, 
P. O. Box 210, Jacksonville, Fla. 
(Fla.) 

Miller, John E., 2129 Straubs Lane, 
Pittsburgh 12, Pa. (W. Va.) 

Miller, L. A., Cons. Engr., Miller 
Eng. Service, Box 206, Streator, 
Til. (Cen. St.) 

Miller, LaRue L., Chief, Div. of 
Environmental San., Mich. Dept. 
of Health, 821 Ann St., E. Lan- 
sing, Mich. ( Mich.) 

Miller, Lewis B., Prof., Univ. of 
Cincinnati, 3753 Wilson Ave., Cin 
cinnati 2, Ohio (Pa.) 

Miller, Maurice L., Cons. 
400-5 McDowell Bldg. 
2, Ky. (Ky.-Tenn. & Cen. St.) 

a, Nathan, Asst. Civ. Engr., 

Y. City Dept. of Public Wks. 

Ave., New York 63, 


Engr., 


N. 

Miller, Noble, Supt., Sew. Tr. Pit. 
City Hall, Orleans, Ind. (Cen. St.) 

Miller, Norman A., Opr., Sew. Tr. 
Pit., 4733 W. Jefferson, Trenton, 
Mich. (Mich.) 

Miller, Olly G., City Engr., 
Simcoe Oshawa, Ontario, 

Can. ( 


Bd. of Health, 1098 W. Mich. St., 
Indianapolis 7, Ind. (Cen. St.) 
ue. Robert F., Registered Prof 

‘Lehigh St., Tama- 


| Miller, W. Engr., 67 Glad- 


| Milligan, ~—y B., Engr 


Ave., St. Thomas, Ontario, 


Eng., Pa. 
Pa. ( 


Harold E., 


Dept. of Health, Har- 
a.) 


Assoc. 


Oregon (Pac. N. W.) 


| Minneapolis-St. Paul San. Dist., 


| Mirgain, 


| Mitcham, Geo. N. 


Center | 


| Mitchell, 


| Mitzel, Robert W., Supt., 


| Moberg, Tracy A. F., Engr 


| Modak, N. 


Louisville | M 


Moggio, W. 


774 
San. Engr., State | 


| Moir, 


| Moir, 


— | Molitor, Edward 
| 


an. | 
5 | 
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Milling, Martin A., Cons. Engr., R. 
R. 8, Edgewood. ve., nderson, 
Ind. (Cen. St.) 

Univ. Sew. 

ox 150, Melrose, Fla. 


Salesman, Peacock 
Ltd., Municipal Sales, Box 
Ontario, 


‘Wy, Stuart, 
Bros. L 
214, 
(Can. 
Miltner, E. F., 
205 City 
(Kan.) 


upt., Sew. Disp. 
Pit., Bide. 
Kan. 
Att: 
Box "3598, 


Kerwin L. Mick, Supt., 
(Corp.; Cen. 


St. Paul 1, Minn. 
St.) 


F. C., Prof., 
Rutgers Univ., 
N. J. (NJ) 

Misner, David M., Sales Engr., C. 
R. Swaney Co., 335 Newbury St., 
Boston 15, Mass. (New Eng.) 

Civil Engr., 200 

S. Gay St., Auburn, Ala. (Ala.) 

N., J. C. Nichols 
Co 0 Ward Par way, Country 
Chub Kansas City, Mo. 
(Kan.) 


Mitchell, 


Civil Eng. 
New Brunswick, 


Earl T., Pit. Supt., Box 
208, Paducah, Ky. (Ky.-Tenn.) 
Mitchell, F. Burton, Cons. Engr., 

P. O| Box 147, Foxboro, Mass. 

(New Eng.) 

Louis, Dean, 
Syracuse, N. Y¥. (N.Y.) 
Mitchell, T. S., 
Dept., 


racuse 
lence, 


Supt., City Util. 
Greenville, Tex. (Tex.) 


Sew. Disp 
York, Pa. (Pa) 


. Fed. 
Wks. Agency, Rm. 511, Sis Sec- 
ond Ave., _— 4, Wash. (Fed.) 


City Engr., Bombay 
Mun., Mr. Shivajepark, 
Bombay 28, India (ISP) 

Moehr, Lewis H., Civil Engr. & Sur- 
Wayne "Co. Drain Comm., 

Wyandotte. 
Mich, ra ch.) 

Moeller, Carl, Pit. Main Eng. 

II, Ind. State 

Ind. (Cen. St.) 

oerk, 1301 Chelton Ave., 

Philadelphia, ‘26, Pa. (N.J.) 

Mogelnicki, Stanley J., Engr 

‘ Dow Chemical 
W. Union St., 
(Mich.) 


Pit., City Hall, 


Waste 
1512 
Midland, Mich. 


A., Conservation Engr., 

Wood Pulp Industries, Baton 
Rouge 3, La. (Tex.) 

Mohave County Board of Su 
sors, County Court House, 
man, Ariz. (Ariz.) 

ae Dr. F. W., Dir., Div. of 

San. Dist. of Chicago, 910 
Chicago 5, Ill. (Cen. 


ing- 


Edgar, Vice-Chairman, Public 
Wks. & Properties Committee, 210 
Geneva St., Catharines, On- 
tario, Can. 


Robert 2077. Common- 
wealth Ave., Auburndale 66, Mass. 
(New Eng. ) 


Supt. 
Chatham jt. F 0 
, Chatham, N. 


Paul, Jr., 
Chatham jt. sorting, P. 
281, Rutherford, N. J. (N.J 


i pt. of 
Can ( 7 
Engr., State Bd. of Health, 2 dison- 
Portland 11, Box 
| ) 
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Moltrup Steel Products Co., Att: J. | Moorhead, Truman Orren, Engr., | Morrow, L. W., Chem., A. C. Law- 
Frank Moltrup, Pres. & Gen. Mgr., Smith & Gil lespie, Box 326, Ta- | rence Leather Co., Newport, Tenn. 
14th St. & 2nd Ave., Beaver Falls, varas, Fla. (Fla.) | (Ky.-Tenn.) 

Pa. (Corp., Pa.) Moran, John B., State Dept. of | Morrow, T. L., Supt., Sew. Tr. Plt., 

Moncrieff, James I., Sales Eng. Public Health, 11 Warren Ave., Box 222, Norman, Okla. (Okla.) 
Diam md Alkali Co., 12 S. 12th | Marlborough, Mass. (New Eng.) | yfortenson, E. N., Chem. Engr., 

Philadelphia, Pa. (Pa.&N.J.) | Morehouse, Harry W., Supt., Pub Swift & Co., 8038 Ellis St., Chi- 

M ng H. E., County Analyst, Ses- Wks Orchard St., Wallkill, N. Y. | cago 19, Ill. (Cen. St.) 
sions House, Maidstone, Kent., (N.Y.) Mortenson, Ernest D., San. Engr., 
England (ISP) | Morehouse, W. W., Dir., : 100 High St., East Haven, Conn. 

Monroe, Stanley G., San. Engr. (R) | Water & Sewers, Rm. 309, 3 i- | (New Eng.) 

USPHS, 513 Santa Fe Bldg., Dal- pal Bldg., Dayton 2, Ohio (Ohio) Morton, C. D., Field Engr., Fair- 
las, Tex. (Ohio) Morelli, C. D., Sales Engr., 85 Ev- banks-Morse Co. 901 Sixth St., 

Monroe, W. C., Supt., Sew. Tr. Pit., erett St., Closter, N. J. (Pa.) Bismarck, N. Dak. (N. Dak.) 
1731 Market St., Victoria, B. C., | Morgan, Alan W., Chem. Engr.. H Morton, Roy J., San. Engr., Health 
Can. (Can.) L. Blachford, Ltd., 977 Aqueduct Physics Div.. Oak Ridge Nat'l. 
nsell, Harry M., Supt. of Sewers, St., Montreal, Quebec, Canada Lab., Oak Ridge, Tenn. (Ky.- 

5 First St., Greenport, N. Y. (Can.) Tenn.) 
¥.) Morgan, Clifford L., Engr., Crocker | Moses, D. V., Tech. Supt., Ammonia 
Mont. State Dept. of Fish & Game, & Ryan, Cons Engrs. 7430 W. Dept., E. I. du Pont de Nemours 
A. G. Stubblefield, Supt., 48th Ave., Wheat Ridge, Colo. & Co., Belle, W. Va. (W. Va.) 
s Fisheries, Helena, Mont. | (Rocky Mtn.) Moses, H. E., Chief San. Engr., Pa. 
(Mont.) Morgan, Edward F., Jr., Supt., Pub- Dept. of Health, 1522 N. Second 

Moody, Boyd D., Asst. Supt., Doug- lic Wks., Hudson, Mass. (New St., Harrisburg, Pa. (Pa.) 
lasville Water Wks., Douglasville, Eng.) Moses, James E., Shop Foreman, 
Ga. (Ga.) Morgan, George, Pres., Victaulic Co . Box 2251, Durham, N. C 

Moor, Alex, Pit. Opr., Sew. Tr. Pit., of Canada, 200 Bay St., Toronto 
202 Wik od Rd., Eggertsville, 1, Ontario, Can. (Can.) Moses Phillip Civil Ener 1514 
N. Y. (N.Y.) Morgan, James M., Jr., Instr., Va. Caen Ave., Pittsburgh 26, Pa. 

Moor, a C., Chem., Charge of Mil. Inst., Dept. of Civ. Eng., (Pa. 

Sew. Pit., Armour & Co., Stock Lexington, Va. (Va.) Moss, 4 J.. San. Engr. Dir., USPHS, 
Yards Station, Fort Worth 6, Tex. | M ig Philip F., Research Engr., | 1114 Comme rce St., Rm. 513, 
(Tex.) Nat'l. Council for Stream Improve Dallas 2, Tex. (Fed.) 

Moore, Charles A., Opr., Sew. Disp ment, $13 Davis St., Kalamazoo, | yfott, C. A., City Engr., Belleville, 
Pit., 450 Green St., Royersford, Mich. (Cen. St.) Ontario, Can. (Can.) 
MOkia (Okla Water Supt., Pryor, | Moudy, R. B., Chem., Rocky Mt. 

Moore, Edward W Assoc. Prof., , : 2 Arsenal, 603 E. 16th Ave., Den- 
San. Chemistry; Harvard Univ., | Morgenroth, Fritz, Cons. Engr., 156 ver, Colo. (Rocky Mtn.) 

112. Pierce Hall, Cambridge 38, Lake St., Brighton 35, Mass. | Mountfort, L. Fe: “Claverings,” 
Mass. (New Eng (New Eng.) : a Goodwin Rd., Edmonton, London, 
Moore, Emmett _ Prof., fash. | Mc rgenroth, Ralph, Supt., Sew. Tr | N. 9, England (ISP) 
State College, 307 Colorado St., |  Plt.. 1621 South 13th St., Rich- | yfcutrey, C. E., Wat. Plt. Supt., 
Pullman, Wash. (Pac. N. W. mond, Ind. (Cen. St.) City Health Dept., 521 N. Boul- 
. pes Morin, A., Town Engr., 407 Blvd. der, Tulsa 6, Okla. (Okla.) 
Moore, F. , Owen San. ngr., Melancon, St. Jerome, P. Q., Can 
i Ge wee A., Supt., Public 
orks, 3 0 t Ave 


- Chi Missi f World Health 
W. on Byes Mowrey, J. Hase, Rep., Borough of 


106 Whangpoo Rd., Shanghai, Chambersburg, Public Utilities, 


Moore, George W., Dist. San. Engr., China (Mich.) Chambersburg, Pa. (Pa.) 
State Dept. of Health, 110 Rich- | Morrill, Leigh W., State Dept. of | Mowry, R. B., Dist. Mgr., Wallace 
land St., Rochester 9, N. Y. Health. 106 E. Delaware Ave, & Tiernan, Inc., 1649 N. Broad 
(N.Y.) Pennington, N. J. (N.J.) St., Philadelphia, Pa. (Pa.) 


Moore, H. Carlton, Metcalf & Eddy, Morris, oe P., Asst. Supt., Moya, Ing. Victor Jose, Cons. Ener., 
1300 Statler Bldg., Boston 16, Maint. .. hs i Northeast Sew. Avenida Juarez, No. 60-207 y 208, 
Mass. (New Eng.) | Er. Pit., hmond St. & Wheat- Mexico, D. F., Mexico (Pa.) 

Howard L., Supt. of Filt. & | Moyer, Jesse, Supt., Sew. Tr. Wks., 
, Reynolds Metal Co., Jones | = F 151 N. Cherry St., Germantown, 
Malvern, k. (Ark.) Morris, peg Asst Ohio (Ohio) 

J. Newlin, Mgr., A. Austin : ‘iso a - | Mudgett, C. T., Supt., Sew. Tr. Plt 
E. Madison, Oklahoma Cit 3, 
Paper Mig Okla. (Okla’) Muskegon, Mich. (Mich.) 
Morris, Paul J., Supt., Sew. Tr. Pit., Engr., State 
is 319 S. 6th St., Reading, Pa. (Pa.) id. ealth, Rm. 462, State 

Moore R. B., Cons. Engr : Morris, T., Mar., The M bunt tis We Office Bldg., Madison 2, Wis 

Moore Co., 5 Delaware St... | Co.. 765. Broad (Cen. St.) 
Indianapolis 2, Ir (Cen. St.) a Sta Philadel; hia 4. Pa (Pa.) Muller, C. G., City Inspection Dept 
re, R. L., Opr., Brighouse Sew 526 Ritchot St., St. Boniface, 
ywrrison, George A.. Mining Engr., 
Yorks hi Engl brig of Health, San. Water Bd., Manitoba, Can. (Can.) 
wkshire, Englar | 417 S. Craig St., Pittsburgh, Pa. Mueller Company, 512 West Cerro 
Moore, Richard H., Box 328, Ashe- | (Pa.) | Gordo St., Decatur, Illinois (As- 


boro, N. C. (N.C.) | Morrison, H. H., Sales Rep., Liquid | _ 5% 

Moore, Robert F., Cons. Engr., Flora Conditioning Corp., 721 Hamilton <a Charles D., San. Engr., 
Eng. Co., Box 156, Coalville, Utah Bidg., Chattanooga, Tenn. (Ky.- . R. Green Eng. Co., 208%-210 
(Rocky Mtn.) Tenn.) Sas Bldg., Cedar Rapids, Iowa 


Moore, Theodore L., Cons. Engr. | Morrison, James E., Supt. of Utili (Ia.) 
Oil Shale Demonstration . | ties, City Hall, Renton, Wash Mulvihill, —— J., Admin. Asst., 
1. §. Bur. of Mines, Anvil Poi nts (Pac. N. W.) Corps - a are 1028 Connecticut 
No. 1, Rifle, Colo. (Rocky Mtn.) Morrison, John H., Pres & Chief Ave., N > ‘'ashington é BD. Cc. 


Moore, W. A., Chem., USPHS, | Ener., Morrison Eng : (Pa 
Kroger Bldg., 7th & Walnut Sts., Monroe Ave., Helena, Mont. | Munroe, E. H., Supt., Disp. Pit., 18 
Cincinnati 2, Ohio (Fed.) ( Mont.) Normana Ave., Toronto 10, On- 
Moore, Wallace S., Idaho Concrete | Morrow, Ben S., City Engr., ane, Soe. Teas 
Pipe Co., Nampa, Idaho (Pac. Bureau, City Hall, Portland, . Munroe, Henry F., 75 Paine Ave., 
N. W.) gon (Pac. N. W.) Cranston 10, R. I. (New Eng.) 
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Munroe, Walter C., Chief Engr., 
Anne Arundel Co. San. Comm., 
Old High School Bldg., Green St., 
Annapolis, Md. (Md.-Del.) 

Munson, E. W., Chief Sanitarian, 
Monterey Co. Health Dept., Box 
1611, Salinas, Calif. (Calif.) 

Munson, Mrs. Laura A., San. 
102 Roby Rd., Madison 5, 
(Calif.) 

Murden, X. D., Supt., Water Dept.. 
P. O. Box 496, Portsmouth, Va. 
(Va.) 

Murdock, William J., 
3984 Drexel Hill Rd., 
Pa. (Pa.) 

Murphy, A. R., Jr., Field Engr., 
Wallace & Tiernan Co., Hamilton 
Bank Bldg., Knoxville, 
(Ky.-Tenn.) 

ay Alvin R., Sr., Div. Mer., 
Wallace & Tiernan Co., 922 Ham- 
ilton Bank Bldg., Knoxville, Tenn. 
(Ky.-Tenn.) 

Murphy, C. L., Sew. Pit. Po ie 
3, Charlotte, N. C. (N 

J. M., City tg 301 S 
, Las Vegas, Nev. (Calif.) 

Murphy, John A., Supt., Sew. Tr 
Pit., 117 W. Blair St., W. Chi- 
cago, Ill. (Cen. St.) 

a Lindon J., Prof., San. Eng., 
Univ. of Mo., Columbia, Mo 
(Mo.) 

erty, Reginald A., Opr., Sew. 
Tr. Pit., Willard, N. Y. (N.Y.) 


Engr., 


Wis. 


San. Engr., 
Pittsburgh, 


Tenn 


1Sth St. 


Murphy, 
Div 


., L. Sonneborn 
Coe 
(N.Y 


inc., 3 
Place, Buffalo 8, N. 

Murray, A. E. Scott, Esq., Engr., 
West’ Kent Main Drainage Board, 
4 Birchwood Road, Petts Wood, 
Kent, England (ISE) 

Murray, J. B., County Drainage 
Engr., 16 Back Sneddon St., Pais- 
ley, Lanarkshire, Scotland (ISP) 

Murray, K. A., P. O. Box 4497, 
Johannesburg, S. Africa (ISP) 

Murray, Raymond H. N.,_ Civil 
Engr., Nussbaumer & Clarke, 
Cons. Engrs., 327 Franklin St., 
Buffalo, N. Y. (N.Y.) 

Murray, Walter, Engr., Gore & Stor- 
rie, 33 Wellesley St., East, To- 
ronto §, Ontario, Can, (Can.) 

Murray, W. H., ‘‘Mauldeth,”’ Sandy 
Lane, yysden, Lancashire (ISP) 

Murschel, Jacob, Water Wks. Supt., 
Webster, S. Dak. (S. Dak.) 

Murthy, N. K., 161 Vanivilas Road, 
Basavanagudi P. O., Bangalore, 
India 

Musgrave, A. S. G., Mun. Engr., 
— Hall, Oak Bay, B. C., 
Can. (Can. 


Muss, Joshua, Eng., Dept. of Pub- 
lic Wks., Municipal Rm. 
26, N. Bergen, ; 


Mustonen, Allan U., Pe Opr., 
Sew. Tr. Pit., City of Detroit. 
18466 Prest, Detroit 19, Mich. 
(Mich.) 

Mutth, Paul J., 313 ed 21 
West, Bryan, Tex. (Tex 

Mutzberg, F. A., Supt., ~~ Wks. 
Utilities, Post Eng. Div., P. O. 
Box 751, Fort Bragg, N. C. 
(N.C.) 

Myatt, H., Supt.. Sew. Wks., Toll 
End, Ti ton, Staffordshire, Eng- 
land (ISP) 

Myers, Chas. C., Supt., _Delmar- 
Elsmere Sew. Dist., B61 Kenwood 
Ave., Delmar, N. Y. (N.Y.) 


| 


Engr., | 


| Nangle, B. A., 


| Nassau 
| National Cash Register Co., 


Prod. | 


| National 


| Navis, 


| Nelle, Richard 


| 


Neflendorf, 


CONSOLIDATED MEMBERSHIP DIRECTORY 


Myers, Ernest A., 15 Perkins St., 
Wakefield, Mass. (New Eng.) 

Myers, G. S., Sales Engr., Jos 
& Co., Inc., 2625 

Birmingham 5, Ala. 

(Ky. -Tenn.) 

Myers, R. N., Cons. Engr., 47 
Church St., Pittston, Pa. (Pa.) 


Naegeli, W., Cons. 
hausstr. 39, 
Switz. (Swiss) 

Naehr, Harry F., Supt. of Pits., 
Fort Benning, Box 1523, Ft. Ben- 
ning, Columbus, Ga. (Ga.) 

Nagano, Joe, Sr. Materials Testing 

. of Standards, Dept. of 
. 1635 S. Granville Ave., 
Los Angeles 25, Calif. (Calif.) 
Water 
(N.C.) 


Engr., 
Winterthur 


Nance, E. L., Plt. Opr., 
Dept., Charlotte, N. C. 
San. Engr., 

Pierre, 

“a ier, Charles E., Sales Engr., 
Consolidated Engines & Machinery 
Co., Ltd., Rm. 408, 200 Bay St., 
Toronto, Ontario, Can, (Can.) 

County Dept. of Public 

Works, Att: W. Fred Welsch, Old 

County Court House, Mineola, 

N. Y¥. (Corp., N.Y.) 

Att: H. 

E. Austen, Chem. Engr., Dayton 
9, Ohio (Corp., Ohio) 

National Council for 
rovement, 
oard 
Winget, Madison Ave., 
York 16, N. Y. (Corp., N. Y.) 

Products Corp., 
Att: Col. 
Pres., 120 Broadway, New York 5, 
a.) 

Naugle, K. Sec. 
tral Tex. 
. O. Box 870, FL Worth, 


Stream Im- 


N. Cen- 
Assn., 
Tex. 
(Tex.) 
Nauta, A., 


Su Bd. of 
Wks., Holland, 


Mich. (Mich.) 
Warren, Util. Supt., Cedar 
Wis. (Cen. St.) 
P. M., 
vancore State, Central YMCA, 
Toronto, Ont., Can. (Can.) 
Naylor, William, Sew. Supt., 
St., Maynard, Mass. 
Needham, E. B., San. Engr., 
304 New Custom House, 
2, Colo. (Ariz.; Dual—Fed 
Water 
14 Fredericksburg, 


Grove, 
Nayar, 


USPHS, 


Supt., 
Tex. (Tex.) 

Neighbor, James G., San. 
Chicago Pump Co., 6159 N. 
ilton, Chicago 45, Ill. (Cen 

Neill, A. H., San. Engr., USPHS 
Dist. No. 1, Sub- Treasury Bldg., 
15 Pine St., New York 5, N. Y. 
(Fed.) 

Neill, Don, Pit. Engr., 
Creamery & Cheese Co, 
Center, Ohio (Ohio) 

Neilsen, N. P., Supt., Sew. 
Rt. 2, Box 30, Pueblo, 
(Rocky Mtn.) 

Neiman, W. T., Cons. Engr., 
Douglas St., Freeport, Ill. 
St.) 


Engr., 
Ham- 


Belle Center 
Belle 


Colo. 


10 W. 
(Cen. 


S., Prin. San. Engr., 
State Dept. of Public Health, 
1732 S. Park Ave., Springfield, 
Ill. (Cen. St.) 


Nelson, Ben O., City Megar., 
man, Wash. (Pac. N. W.) 


Pull- 


| Nelson, 


| Nelson, H. 


Stadt- | 
(Zch.), | 


State Bd. | 
Dak. (S. | 


Nesin, 


| Newcomer, 


| Newell, 
Thomas F. Brown, Vice | 


Public | 


India-Tra- | 


18 Mill | 
(New Eng.) | 


Denver | 


& Sewer | 


St.) | 


Nicholes, Curtis, Opr., 


| Nichols, 


Pit., | 


Nicholson, R. M., 
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Dr. D. H., Chem., Oscar 
Mayer & Co., Ind. Waste Tr. 
Wks., 157 Division St., Madison 
4, Wis. (Cen. St.) 

Nelson, Fred Mer., Western 
San. Div., Door Co., Inc., 
811 W. 7th St, Los Angeles 14, 
Calif. (Calif.) 

Lloyd, U. S. Pipe & 

Co., Burlington, N. J. 
(Pa.) 

Nelson, Henry 
Wks., Sew. 
Grand Ave., 
St.) 


Public 
2ist & 
(Cen. 


A., Commr. 
Disp. Pit., 
Racine, Wis. 


Nelson, Melvin O., 
Engr., 38 Scott St., 
Ta. (Ia.) 

Nelson, Myron K., San. Engr., Mis- 
sion Twp. Main Sewer Dist. 1, 
P. O. Box 31, Mission, Kan. 
(Kan.) 

Neptune, William 
ndian School, 
(S. Dak.) 

Benjamin C., Dir. of Lab.. 

Dept. of Wat. Supply, Gas & 

Electricity, 355 Park Place, Brook- 

lyn 17, N. Y. (N.Y. 


Pub. Health 
Council Bluffs, 


N., Engr., U. S. 
Flandreau, S. Dak. 


| Neuffer, George T., Engr., Geyer & 


Neufier, Arch. & Engrs., 30 S. 
Ludlow St., Dayton 2, Ohio (Ohio) 
Nevitt, I. H., Engr., N. Toronto 
Sew. Tr. Pit., 1091 "Eastern Ave., 
Toronto, Ont. Can. (Can.) 

A., Town Mgr., Coving- 
ton, Va. (Va.) 

Newell, Lester S., Engr., 
Pipe & Steel Co., 3001 Larimer 
St., Denver, Colo. (Rocky Mtn.) 

M. A., Sales Engr., Hardesty 
Div., Armco Products, Box 2170, 
Denver, Colo. (Rocky Mtn.) 

Newell, Town of, c/o Frank Witter, 
Sew. Pit. Opr., Newell, Iowa (Ia.) 

New Hampton, City of, c/o Leslie 
G. Binner, Opr., Sew. Tr. Pit., 
301 S. Walnut, New Hampton, 
Iowa (Ta.) 

Newland, Stewart H., 1262 Common- 
wealth Ave., Boston 34, Mass. 
(New Eng.) 

Newlands, James A., . 
Souther Eng. Co., 11 Laurel St., 
Hartford, Conn. (New Eng.) 

Newman, Alfred C., City Mgr., 702 
Lincoln Ave., Leesburg, Fla. (Fla.) 

Newman, Leo N., Josam Mfg. Co., 
1302 Ontario Ave., Cleveland 13, 
Ohio ( Assoc.) 

Newman, W. J., Sales Ener.. 
lace & Tiernan, Old Mill 
Belmar, N. J. (N.J.) 

Newton, City of, c/o H. J. Lam- 
City Clk., Newton, Iowa 
(Ta.) 

Newton, 
Hall, 


Thompson 


Pres., Henry 


Wal- 
Road, 


Donald, 4th Floor, City 
Tampa, Florida (Cen. St.) 
Sew. Tr. Pit., 
York, Pa. (Pa.) 
» Opr. Sew. 
, Yonkers, N. Y 


402 E. King St., 
Arthur 
Pit.. 56 C lark 

(N.Y.) 
Nichols, Dr. M. Starr, Chief Chem., 
Wis. Lab. of Madi- 
son 6, Wis. (Cen. St.) 
Nichols, R. L., 407 Danciger Bldg., 
Fort Worth 2, Tex. (Tex.) 
Nichols, R. L., San. Engr., Second 
Army Command, U. S. Army, Sav- 
age, Md. (Md.-Del.) 
Nicholson, C. P., Village En: 
Pierce Ave., 
(N.Y.) 


93 
Hamburg, N. Y. 


n Town Engr., Ka- 
puskasing, Ont., Can. (Can.) 


2 
|| 
I 
‘ 
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ae Nickerson, Robt. D., Mech. Engr., | Nosler, Richard F., Engr., M. N. | Oelwein, City of, c/o H. J. Finders, 
Co., 2210 Sul Ross, City Clk., Oelwein, Iowa (Ia.) 
a ryer Div., 1 Park Ave., New | ouston 6, Tex. (Tex.) , *. 
Nickle, A. J., Sales Mer., Darling am Co., 123 N. Cloverly Ave., 
Bros., Ltd., 140 Prince St., Mont- | Temple City, Calif. (Calif.) | 
F., Or, Sew. Tr. | nati, Cincinnati’ ai, Ohio (Ohio) 
Nicklin, . §., City Engr., Cit rving St., Alden, N. Y. Ni 
abe Nicklis, Jim, Sales Engr., Wallace & | Nusbaun, Isador, Sr. San. Chem., North Ave., Chicago 22, Ill. (Cen. : 
ee: Tiernan, 2742 Tremont Rd., Co- Sew. Tr. Pit., 18700 Stoepel, De- | St.) ; 
= Jumbus 8, Ohio (Ohio) | _ troit 21, Mich. (Mich.) O’Hara, Alex S., Prov. San. Insp., 
“i Nieboer, Jack, Chief Opr., Sew. Tr. | Nussbaumer, Newell L., Engr., Nuss- 21 Harshaw Ave., Toronto 9, Ont., 2 
ee Pit., Mead Johnson & Co., Rt baumer & Clarke, Inc., Engrs., | Can. (Can.) ae 
No. 2, Zeeland, Mich, (Mich.) | St., Buffalo, N. Y. O'Hara, Franklin, Supt., Sew. Tr. 
“a Niekras, B. Stanley, Purchasing N.¥.) Pit., 75 Stowe St., Lowville, N. Y. 
5 | Agent & Asst., Supt. Eberle Tan- | Nussberger, Fred E., Chem., N. Y. (N.Y.) 
St.) | Oakes, A., Supvs., Sew. Tr. Pit., De. Trenton. Mich. Cifich 
Niles, A. H., Supt., Sew. Tr. | 1070 Newport, Detroit 15, Mich. 7 
Bay View’ Park.” 2046 Darlington | (Mich.) 
Niles, Charles A., San. Ener., Suf- Oakhill, Stoke-on-Trent, Staffs., 
folk Co. Dept. of Health, Bridge- | Eng. (ISP) ny en > 
; hampton, L. I., N. Y. (N.Y.) Obergfell, Herman M., Asst. Pit. “Se ns hi > : 
i Niles, Charles F., Jr., Civil Engr., | Opr., Onondaga Pub. Wks. Com- 0 Hay Daniel, A., Teaching Fellow. : 
Howard K. Bell, Cons. Engrs.. | mis., 439 Shonnard St., Syracuse, Grad. Sch. of : 
522 S. Limestone St., Lexington | Y. (N-Y.) (Con St) 
45, Ky. (Ky.-Tenn.) | Obert, E. F., Sales Engr., Johns- | Sp San E 
Niles, Thomas M., San, Ener. Gree- | Manville Corp... SOS "Laconia | Old, H. Sr. San. Engr., USPHS, 
ley & Hansen,’ 220 State St., | Bldg., Wheeling, W. Va. (W. Va.) {yth & Constitution Ave. N. W., 
Chicago 4, Ill: (Cen. St.) | Chae, Chester A. Engr, Wolker| 
Nilmeier, Herbert P., San. Engr., Process Equip., Inc., 549 Spring 
Dist. Pub. Wks., 12th Naval Dist.. | _St., Aurora, Ill. (Cen. St.) 
717 Buchanan St., Albany 6, Calif. | O’Brien, Earl F Cons. Enegr., 
3 (Calif.) ol Brie 3613 | O'Leary, W. A., Lt. Com. CEC, 
} a Holmes, O’Brien & Gere, 3613 USNR. D f Public °V. 
Nixon. J., 4 Spaines Rd., Fartown, | Midland Ave., Syracuse, N. Y 125 Wo th N 
Huddersfield, Yorkshire, England | (N.Y.) (NY 
(ISP) | O'Brien, Jas. E., San. Chem., State | cy 5 
Nixon, M. B., Engr. of Sewers, 301 | ept. of Health, Div. of Labs., 
_City Hall, Atlanta 3, Ga. (Ga.) | _— Ave., Albany, N. Y 75 E. Lancaster Ave., Ardmore, : 
Nixon, Ray, Water Supt., Hering- | Cit ate Pa. (Pa.) 
"4 cean i Sewer Service Co., Att: ‘ 
_ton, Kansas (Kan.) te Mar. 10th St. & | Oliver, F., Supt.. Sew. Wks.. Plump- 
Noe, Charles E., San. Engr, Jones West Ave., Ocean City, N. J ton, Nr. Knaresborough, Yorkshire, x 
20, Ti Oliver, John, Asst. City Engr., Van- 
Well Wks..'656 St.. Oakland Tech. Serv. Gen. Chem. Diy., Al- ‘ 
oe 9, Calif. (Calif.) F | lied Chem. & Dye Corp., Edge- | Oliver United Filters, Inc., Att: é 
: alif. water, N. J. (N.Y.) Joseph A Kenny, 33 W. 42nd 
N.Y. ngr., W. J. O'Connell & Assocs., liver, . M., Ener., 71 
a Noll. I 7 E.. Sales F Di gh ge St., San Francisco Ave., Perth Amboy, N. J. (N.J.) 
Noll, Lawrence E., Sales Fngr.. 5 lif. (Cali 
Ohio (Ohio) on mnor. William F., Jr., Chem- | 0., . Box 3084, Seattle 14, 
Instructor, Manhattan Col- | Wash. (Pac. N.W.) 
Nolle ran Sup’ tilities, | , 37 Roosevelt St. ‘onkers. 
(NY.) N.C. (N.C. 
O'Connor, William L., Asst. San. | ols 
Nordell, Carl H., Cons. Engr., P. 0. | Ulster County Health 
Box 868. Palm Springs, Calif Dept., 420 Hasbrouck Ave., Kings 
ae (Cen. St.) | _ ton, N. Y¥. (N.Y.) | Olson, Herbert A., Sales Engr. Di : 
Clark Odell, Lester, Supt.. Sew. Tr. Plt., | mond Alkali Sales Corp. 80 Fed. 
acific Clay Products Sales Dept., 280 Lyons S Tisconsi yids, | 
ag O'Dell. W. H., Supt., Public Works, O'Neal, T. H Power Supvr., Du- 53 
Norgaard, John T., Civil & Chem. | 30 W. Main St., Webster, N. Y. 
Engr, Brown & Caldwell, 17045 | (N.Y.) Pit., Martinevilie, Va. 
4 Calif. (Calif) F O'Neill, Ralph W., Cons. Engr., : 
Norris, Francis I., Jr. Chem., | R. F. D. No Grover Rd., ‘East 
USPHS, Kroger Bldg. & Aurora, N. Y. (N.Y.) J., Office Engr., W 
eve, 9 herton St., State yman St. keley 3, Calif. 
o. y Machine Wks... 401 S. | Odor, W. Roy, Lynchburg Foundry | Onions, Robert, Chief Engr. & Branch 
Bay, Wis. (As- Co., Lynchburg, Va. (Assoc.) Mer., Laurie & Lamb, 284 King 3 
Oehlke, Henry, Supt., Sew. Treat., W., Toronto, Ont., Can. 
a Northrop, L. E., Mer., Branch Office | Manistee, 505 Eighth St., Manis- (Can.) 
Pee Neptune Meter Co., 701 E. Third | _ tee, Mich. (Mich.) Opie, Vester, Chief FEngr., Water : 
oe St., Los Angeles 13, Calif. (Ariz.) Oeming, Loring F., San. Enegr., | Purification Plt., Paris, Mo. (Mo.) é 
Ae Northwood, Town of, c/o Conrad L. Mich. Stream Control Comm., | Oplinger, Lester, Sew. Pit. Attendant, 
aa Olson, Ln Sew. & St. Comm., | P. O. Box 87, Lansing 1, Mich. | 803 Washington Ave.. Northamp- 
Be Northwood, Iowa (Iowa) (Mich.) ' ton, Pa. (Pa.) 2 
‘ 
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Orchard, W. J., Gen. Mgr., Wallace 
& Tiernan Co., Newark, 
(N.Y.) 

Ordway, E. S., Engr., Havens & 
433° Seminole St., Ora- 
dell, N. J. (N.J.) 

Orford, Harold E., Research Engr., 


Water & Exp. Station, Rut- 
gers Univ., runswick, N. 
(N.J.) 

Orman, J. M., Box 261, Bryan, Tex. 
(Tex.) 

Orner, H. W., e Pres.-Act 


Bd. of 
Youngwood, Pa. 

Orr, E. M., Cons. Engr., 
Mich. Ave., Dearborn, 
(Mich.) 

Orr, Jack P., Jack Orr & Co., 822 
Dermon Bldg., Memphis, Tenn. 
(Ky.-Tenn.) 

Orr, William S., City 
City Hall, 

F., Johns-Manville Corp., 


Tre 
‘107 Ww. Fifth st. 
(Pa.) 


22148 
Mich. 


Clik. & Engr., 
Niagara Falls, Ont., 


Orth, R. 
+ East 40th St., New York City | 


16 ( Assoc.) 


| Page, Ronald C., Mun. Engr., 


Orton, ~ Asst. Civil Engr., | 


Dept. of Public Wks.. 
rento, Detroit 21, Mich. 

Osage, City of, c/o R. V. Coonradt, 
Supt. of Sewage Works, Osage, 
Iowa (Iowa) 

Osborn, Ferris es Prof. Engr., Mid 
west Eng. 207 S. Central Ave., 
Marshfield, Wis. (Cen. St.) 

Osborn, L. C., Cons, Engr., 
& Assoc., 1450 Columbine, Den- 
ver 6, Colo. (Rky. Mt.) 

Osborn, S. R., Serv. Engr., Hall 
Labs. Inc., 3620 Trimble’ Ave., 
Cincinnati 7, Ohio (Ohio) 

Osborne, Francis T., Assoc., G. D 
Hall & Assoc., c/o City Clerk, 
Omak, Wash. (Pac. N.W.) 

Osborne, L. A., — Engr., Welch, 
W. Va. (W. Va. 

oneal, “City of, c/o Harry Horton, 

Pit. Opr., Osceola, Ia. (Ta.) 
R. J., Sales Mer., Den- 
ver Sewer 4 & Clay Co., P. O. 
engl 2329, Denver, Colo. (Rky. 


18920 Sor- 


Osorio, Luis Angel, San. Engr., Mi- 
nisterio de Sanidad y Assistencia 
Social, P. O. Box <‘- Caracas, 
Venezuela, S. A. (Fla. 


Ossian, Town of, c/o Joe Kipp, 
Disposal 'plt., Ossian, Iowa 
(lowa) 


Osterhoudt, William C., Jr. en 
Engr., Box 432, Sackets Harbor, 

Y. Dist., U.S. Engrs., 177 
Pliny od Ave., Bogota, 


Ott, Anthony, Asst. r. & Chief 
Maint., Doylestown wer Dept., 
Doylestown, Pa. (Pa.) 

Otts, Louis E., Jr. Assoc. Prof. of 

E.. Univ. of Md., 5901 a 
Rd., Riberdale, Md. (Md.-Del.) 

Alfred, Sew. Tr. 
Pit., R. F. D. No. 2970 Eggert 
Rd., Tonawanda, (N.Y.) 


Overall, W. G., Supt., il Tr. Pit., 
217 Elizabeth St., Elizabethtown, 
Ky. (Ky.-Tenn.) 

Overcash, Theodore, Asst. Plt. Opr.. 
Rockland Light & Power Co., 47 
Second Ave., Nyack, N. Y. (N.Y.) 

Owen, Mark B., Cons. Engr., Rus- 
sell B. Moore Co., 1456 N. Dela- 
ware St., Indianapolis 2, Ind. 


(Can. & Cen. St.) 


(Mich.) | 


Tipton | 


CONSOLIDATED MEMBERSHIP DIRECTORY 


Owen, R. W. T., Co. San. Insp., 
Public Health Dept., County 
Bldgs., Worcester, Eng. (ISP) 


Owen, William Hunter, Sr. Engr., 
Div. of San. Eng., State Dept. of 
Public Health, 420 Sixth Ave., N., 
Nashville, Tenn. (Ky.-Tenn.) 

Owers, Leonard E. A., Engr., On- 
tario Dept. of Health, 807 'Rich- 
mond St., W., Toronto 3, Ont., 
Can. (Can.) 


Pacheco, Leo, Opr., Clarifying Pit., 
City Hall, Santa Clara, Calif. 
(Calif.) 

Pacific Flush-Tank Co., Att: L. E. 

ein, Pres., 4241 Ravenswood 
Ave.. Chicago 13, Ill. (Corp., Cen 
St. & Ohio) 


Padgett, J. W., Goodyear 
Farms, Litebfield "ha. Ariz. 
(Ariz.) 


Paessler, A. H., Exec. Sec., State 
Water Control Bd., 815 E. Frank- 
lin St., Richmond, Va. (Va.; Dual 
—W. Va.) 

Shire 
of’ Portland, Victoria, Heywood, 
Victoria, Australia (Calif.) 

Pahel, Charles, Pit. Engr., Robert- 
shaw-Fulton ‘Controls Co’, Young- 
wood, Pa. (Pa.) 

Painter, Carl E., Vice-Pres. & Cons. 
Engr., Water Wks. Equip. Co., 
149 W. Second South, Salt Lake 
City, Utah (Calif.) 

Painter, J. H., Jr.. Gulf 
Houston 2, Tex. (Tex.) 

Palange, Bay C., San. Engr., US- 
PHS, Water Wks. Park Filt. Pit., 
Detroit 14, Mich. (Fed.) 

—_ Clifford T., Water Engr., Shel! 

1 Co. Wilmington Refinery, 448 
63rd 
(Calif.) 

Palladino, Anthony J., 839 Madison 
Ave., Elizabeth, N. J. (N.J.) 

Pallo, Peter E., Asst. San. Engr., 
Hackensack Water Co., New Mil- 
ford, N. J. (N.Y.) 


Bldg., 


Long Beach 5, Calif. 


Palmer, Andrew, Asst. Supt., Plain- 
field Jt. Meeting, P. O. Box 11, 
Dunellen, N. J. (N.J.) 

Palmer, Benjamin H., Cons. Engr., 


Ford, Bacon & Davis, 114 Thayer 
Bldg., Norwich, Conn. (New Eng.) 
Palmer, C. L., Sr. Assoc. Civil Engr., 
City Engrs. Office, 1409 Baldwin 
Ave., Detroit 14, Mich. (Mich.) 
Palmer, Evan E., Sales Engr., Pitts- 
burgh Pipe ‘Cleaner Co., 133 
Dahlem St., Pittsburgh, Pa. (Pa.) 
Palmer, F. F., City Engr., Box 486, 
Forsyth, Mont. (Mont.) 
Harold K., Cons. 
741 S. Harvard Blvd., Los An- 
pn 6, Calif. (Calif.) 


Palmer, John R., Opr., Sew. Tr. Pit., 
1321 Monroe St., Evanston, II. 
(Cen. St.) 

Palmer, Rafael M., Puerto Rico 
a & Sewer Service, Stop 
26%, Fernandez 7m Ave., San- 
turce, P. R. (P.R.) 


Palocsay, Frank S., On Engr., 
Havens & Emerson, 1200 Westlake 
Ave., Lakewood 7, Ohio (Ohio) 


Panda, J. H., 623 Eighth Ave.. S. 
E. Minneapolis 14, Minn. (Cen. 


Pa ae, Frank, Contractor, 
ide, Havre, Mont. (Mont.) 
Louis S., Cons. Engr., 


pmeier Eng. Co., 404 Hill Ar- 
. Galesburg, Ill. (Cen. St.) 


125 N. | 


Pardee, 
Mig 


Pardew, 


. Co., Douglas Div., 
Douglas, Mich. (Mich.) 
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George, Chem., Crampton 


Box H, 
W. Holmes, Vice-Pres., The 


Bushnell Machinery Co., Keystone 
a. 


Bldg., 
Park, C 
Roane 
Outer 
Tenn.) 


Parker, H. C., Supt., 
Tr. Pit., 
Arlington, Calif. 


Parker, J. E. 


Pittsburgh, (Pa.) 
harles V., Sew. Pit. ’ 
Anderson & Co., 637. W. 
Dr., Oak Ridge, Tenn. (Ky.- 


Riverside Sew. 
2605 John St., Rt. No. 2, 
(Calif.) 

, Asst. Util. Supt., Car- 


bide & Carbon Chem. Corp., Texas 
City, Tex. (Tex.) 


Parker, 


J. Sanders, Cons. Engr., J. 


Sanders Parker Cons. Engr. Firm, 


816 
Tenn. 


Eighth Ave., S., Nashville, 


(Ky.-Tenn. 


Parker, L. K., Supt., Sew. Dist., 2688 


Court 

Eng.) 

Parker, 
2 


6 S. 


(Mo.) 


Parkes, G. Sr. 


St., Auburn, Maine (New 


R. S., 


Opr., Sew. Tr. Pit., 
Clay St., 


"Springfield, Mo. 


Civil Engr., Bur. 


Eng., 2670 S. Pasa- 


dena, 


Parks, C. 


Co., 

Wash. 
Parks, 

eyn 


Calif. 


A., aa Transite Pi 
777 ‘Thomas St., Seattle 
(Pac. N.W.) 


Walter J.. Jr., Seer. 
olds, Smith & Hille 


Box 4817, Jacksonville, Fla. tila) 


Parlett, John G., 


1035 Midway Ave., 


San Leandro, Calif. (Calif.) 


Parma, John W., 


Grad. Stud., Case 


School of Applied Science, 3991 
E. &t., "Cleveland 5, Ohio 
(Ohio) 

Parrish, Miles A., Mer., A. Par- 


ris 


Stockton, 


( (Ohio) 


Sons, 3128 Miner, 

Calif. (Calif.) 

Rial T., Cons. Engr., 945 
Idg., Dayton 2, Ohio 


i, John L., Office Engr., Kaiser 


ngrs., 


nc., 10650 Rochester Ave., 


Los Angeles 24, Calif. (Calif.) 


Patin, 


Lee B., Constr. 


Engr., Car- 


negie-Ill. Steel Corp., 1413 Car- 


negie Bidg., 434 Fifth Ave., Pitts- 
burgh, Pa. (Pa.) 

Patterson, J. R., Engr., Russell & 
Axon, Cons. Engrs., 28 E. Cedar 
Ave., Webster Groves 19, Mo. 
(Mo.) 


Patterson, John G., 
Bd 


. 


Daytona Beach, Fila., 


Pattison, 


Anderson & Co., 


Ave., 


Engr., Fla. State 
543 Golf Blvd., 
(Fla.) 

Wm. L., Analyst, Roane 
420 Hawthorne 
Tenn. (Ky.- 


f Health, 


Knoxville, 


Tenn.) 


Paul, Lewis C., Pit. Opr., 


Wanakah 


Sew. Dist., R. F. D. No. 3, Ham- 


burg, 


Paulette, 
filco, 


Robert G., Field Engr., In- 
Inc., 211 Crestwood Ave., 


Buffalo 16, N. Y. (N.Y.) 


John S., Pit. Sew. 
29 Pleasant Parkway, Check. 


N. 


Paxton, 


York, 


A. &., News- 


ocr, 330 W. 42nd St., New 


Univ., 
Payton, 
Engr., 
trict 
(Mo.) 


New York (Assoc.) 


Harry C.. Prof. of San. 
Dept. of Civil Eng., Lehigh 
Bethlehem, Pa. (Pa.) 

Louis S., Public Health 
State Bd. of Health, Dis- 
No. 8, Higginsville, Mo. 


: 
| 
| | 
| 
| | 
| 
¢ 
| 
| 
| 
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Peach, J. D., 
Hayden, Nr 
Eng. (ISP) 

Pealer, Thomas, 
267, Indiana, 

Pearce, Leo J., 
Brookside Blvd., 
Mo. (Kans.) 

Pearl, Emanuel 
Engr., Santa 


Corporation Wks., 
Cheltenham, Gloucs., 
Civ. Engr., Box N. 
Pa. (Pa.) 

Cons. Engr., 6024 
Kansas City 2, 

H., Pub. Health 

Barbara Co. Health 
Dept., P. O. Box 119, Santa Bar- 
bara, Calif. (Calif.) 

Pearse, Langdon, San. Engr., Chi- 
cago San. Dist., 910 S. Michigan 
Ave., Chicago 5, Ill. (Cen. St.) 

Pearson, Charles R., Mine Drainage 
Engr., 314 N. Julian St., Edens- 
burg, Pa. (Pa.) 

Pearson, Erman A., 796 Mass. 
Arlington 74, Mass 
Maxfield, Chf 

forgan Smith Co., 
Ave., Rm. 606, 
(Ohio) 

W. B., Megr., Hersey Mig 

0., Haas Howell Bldg., 

Ga. (Ga.) 
Peck, Lawrence J., Dist 
Tiernan Co., 
Albany, N. Y 

Peckworth, Howard F., 
Dir., American Concrete 
Assn., 228 N. LaSalle St., Suite 
1033, Chicago 1, Ill. (Assoc.) 

Pedigree, Richard B., Opr., Sew. Tr 
“Plt 136 High St., Greenfield 

Mass. (New Eng.) 

» J. Q., Mayor, 

pt.. Water Brine, 
i Wks., Box No. 
Va fa.) 


Peirson, Nat D., 
Whitman, Cons 
Raleigh, N (N.C.) 

Pelon, Guy. Opr., 
Indian Lake, N. Y 

Pelty, William, Attendant, 
Pit., 19 McClure St., 
Ohio (Ohio) 

Pennington, Marvin, 
3407 Chicago 
ll 


(Cen. St.) 

Pepe, aa, 2” Stud., 
College E. 187th St., 
York N. Gz.) 

Pepin, E. J., City Engr., 

(Mont.) 


Mont 

Pepperman, Cecil M., Engr.. Gan 
nett, Fleming, Corddry & Carpen- 
ter, 253 N. 17th St., Camp Hill, 


Pa. (Pa.) 


Pequegnat, R. K., San. Engr., Dept 
of Nat'l. Health & Welfare, P 
Box 605, Halifax, Nova Scotia 

Can. (Can.) 

Perkins, C. K., Sales Rep., Builders 
Providence, Inc., Vesey St., 
New York 7, N. Y. (N.Y.) 

Perkins, om H., Sales Rep., Clor- 
oben Corp., 15 Exchange Pi., Jer- 
sey City 2,N. J. (ND) 


Perrow, W. C., Cons. Engr., 309 
Office Bldg., Richmond, Va 
) 


(New Eng.) 
Pease, Sales Engr 


Cleveland, Ohio 


Inc., 80 
(N.Y.) 


Saltville, 
Mathieson 
185, 


Peirson & 
Box 47, 


Partner, 
Engrs., 
Sew Tr 
Sew. Tr 
Dayton, 
Supt. Public 
Rd, 


New 


Havre 


( 


Perry, A. H., Supvr 
Health Eng. Div., Dept. of Nat’l 
Health & Welfare, Rm. 321 Fed 
eral Bldg., Vancouver, B. C., Can 
(Can.) 


City of, 


Engr.. Pub 


c/o Lloyd Olson 

Pit. Supt., Perry, fa. (lIa.) 

Perry, Earl R., Chief Engr., Bur. of 
Eng., City Hall, Worcester, Mass 
(New Eng.) 


Perry, 
Sew. 


| 
| 


Ave., | 


1900 Euclid | 


Atlanta | 


Sales Mer.. | 


Managing | 
Pipe | 


Salt- | 


Pit., 


Steger, | 


Manhattan | 
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Perry, John S., Sales Engr., Wallace 
& Tiernan Co., 211 Architect Bldg., 
415 Brainard, Detroit, Mich 
(Mich. ) 

Person, H. T., Dean of Eng., 
of Wyo., Eng. Bldg., 
Wyo., Laramie, Wyo. 
Mtn.) 

Pessina, John, Opr Tr. Pit 
3010 McClellan, 14, Mich’ 
(Mich.) 

Peters, Stanley, 
64 Stephen 
Can. (Can.) 

Petersen, H. V., Sales Manager, 
Laval Steam Turbine Co. 
2, New Jersey (Assoc.) 

Peterson, Arthur, Supt. Sew. Treat 
Pit., City of Greenville, R. F. D 
2, S. Lafayette St., Greenville, 
Mich. (Mich.) 

Peterson, Carl, City Mear., 
Saginaw, Mich. (Mich:) 

Peterson, Edward T., Supt., 
Pit., 113 First St., W., 
Ill. (Cen. St.) 

—- F. E., Supt., Sew. 

E. Hurlbut Ave., 

lil. (Cen. St.) 

Peterson, J. H., 
Johns- Manville, 
gomery St.. 
Calif. (Calif.) 

Peterson, Myhren C 
Health Engr., State 
Health, 5524 Morgan 
Minneapolis 19, Minn. (Cen. St.) 

Peterson, Ralph W., Supt., Sew. Tr. 
Pit., 9141 S. Bishop St., Chicago 
20, Til. (Cen. St.) 

Petrie, R. W., Civil 
Townsend & Assoc. 
557 Paw Paw Ave., 
bor, Mich. (Mich.) 

Petrie, William P., 
Pit.. Norwalk, Conn 

Pett, K. M., Util. 
field St., N. E., 
Minn. (Cen. St.) 

Pettit, Chas. G., Asst. City Chem., 
Sew. Tr. Wks., 587 W. Ford Ave., 
Barberton, Ohio (Ohio) 

Pettit, Grant A., Spec. Assignment, 
American Rolling Mill €o., Butler. 
Pa. (Pa.) 

Petty, A. W., Sanit. Engr., Town 
Hall, Virginia Beach, Va. (Va.) 
Pettyjohn, A. R., Water Engr., Car- 
bide & Chem. "Corp., Texas City, 

Tex. (Tex.) 

Pfannmuller, H._C., Mgr., Milk Re- 
ceiving Plt.. Clemo Milk Products 
o., Honesdale, Pa. ( Pa.) 
Pfennig, C. M., 175 Main St., 

tol, Conn. (New Eng.) 

Phelps, B. D., Asst. Port Dir., 
Palm St., San Diego 4, 
(Calif.) 

Phelps, Boyd E., 
Peck, Inc.. 232 Franklin St 
Michigan City, Ind. (Cen. St.) 

Phelps, Earle B., Prof., Civ. Eng 
Univ. of Fla., College of Eng., 
Gainesville, Fla. (N.Y.) 

Phelps, Ellis K., Sales Mgr., Wallace 
y Tiernan Co., Inc., 426 S. Eola 
Dr., Orlando, Fla. (Fla.) 

P. E., Engr., Phelps Assocs., 

No ‘ Acton Place, Annapolis 5 
Md. (W. Va.) 

Philips, H. S., 
verness Ave., 
Can. (Can.) 


Earl E., 
Huntington, Ind. 


Univ 
Univ. of 
(Roc ky 


Incinerator Foreman, 
St., Kingston, Ont., 


De 
Trenton 


City Hall, 


Sew. 


Dundee, 


Fe. 
Belvidere, 


Mgr., Pacific 
116 New 
San 


Coast 
Mont 


Francisco 5, 


Dist. Public 
Dept of 
Ave., S., 


Enagr., Consoer, 
Cons. Engrs., 

senton Har 
Supt., Sew. Disp 
(New Eng.) 


Opr., 2638 Gar 
Minneapolis 13, 


Bris- 


3141 
Calif 


Pres., Phelps & 


Cons 


We 


Engr., 35 In 
Hamilton, Ont., 


City Engr.. 


(Cen. St.) 


City 


| Phillips, Walter L., 
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Phillips, 
Pit., 
Cove, 


H. N., Pit. Opr., Sew. Tr. 
140 St. Andrews Lane, Glen 
N. Y¥. (N.Y.) 

Phillips, M. H., Supt., Water Works, 
Paragould, Ark. (Ark.) 

Phillips, Max, Chief Opr., Sew Tr. 
Wks., Bryan, Ohio (Ohio) 

Phillips, Norman, Jr., Regional Engr., 
Va. Dept. of Health, Abingdon, 
Va. (Va.) 

Phillips, Robert S., Supt. 
2820 Barringer Dr., 

Phillips, Roy L 
ville, Pa. (Pa.) 

Phillips, W., 30 Olton Croft, 
Green, Birmingham 27, Eng. (ISP) 

Civ. Engr., 151 

Falls Church, Va 


of Plts., 
Charlotte 6, 


City Engr., Mead 


Acocks 


Hillwood Ave., 


(Va.) 
Phoenix, Edward A., 
Transite Pipe 
ville Corp., 22 Oth St., New 
York 16, N. Y¥. NY) 
Piatt, Wm. M., Piatt & Davis, 
Engrs., P. O. Box 971, 
CL) 
Pic kett, Arthur G., 
L. A. County, 
San 


Asst. Mer., 
Johns-Man- 


Cons. 
Durham, 


Ind. Wastes 
1260 Gar- 
Marino 9, Calif. 


Pickett, R. M., City 
Wash. (Pac. N.W.) 

Pickin, L., Supt.. Sew. Wks., 
Bottoms, Heckmondwike, 
shire, Eng. (ISP) 

Picton, Walter L., San. Engr., Natl. 
Security Resources Bd., Washing- 
ton, D. C. (Fed.) 

Pierce, Aivah, Civ. 
Aqueduct & Sewer 
Santurce, P. R 

Pierce, C. Dist Great 
Western Div. of Dow Chem. Co., 
634 S. Spring St., Los Angeles 14, 
Calif. (Calif.) 
ierce, D. O., Civ 
109, Kankakee, 

Pierce, Donald M., Asst. 
Mich. Dept. of Health, 
Butler, Lansing, Mich. (Mich.) 

Pierce, G. E., Opr., City, Rt 
1, Edinburg, (Tex.) 

Pierce, George O., Assoc. Prof. of 
Pub. Health, Univ. of Minn., 4009 
Sunnyside Ave., Minneapolis, Minn. 
(Cen. St.) 

Pierce. H. M.. City 
Sixth Ave., S.E., Aberdeen, 
(S. Dak.) 

Pierron, L. L., Supt., 
City Bldg., Greenville, 

Pierson, Rex C., Asst. Chem., W. 
Va. Water Comm., 1905 Whitney 
st., Charleston, W. Va. (W. Va 

Pierson, Walter A., Engr., Fed. 
Agency, 420 Security Bldg., 
nix, Ariz. (Fed.) 

Pimm, Alan B., Civ. Engr. 
veyor, 104 Jackson St., 
Fla. (Fla.) 

Pincus, Sol, Cons 
Place, New York 7 


Pinkney, Glenn E., Su 
Pit., 40 South Ave., 
Y. (N.Y.) 


Pinney, 


Cik., Chelan 
The 
York- 


Engr., P. R 
Service, Stop 
(P.R.) 


Engr., P. O. Box 
Il. (Calif.) 

Engr., 
519 N. 


Sew 


Tex 


Mgr., 1003 
S. Dak 


Sew. Tr. Wks.. 
Ohio (Ohio) 


Ww 4 
Phoe- 


& Sur 
Tampa 2, 
~ Park 
pt tive Tr. 
Webster, N. 


F. W., Supt., 
1413 Eighth St., N., 
Dak. (N. Dak.) 

Pionthowsky, Allen D., Asst. Pit. 
Opr., 110 Tioga St., Syracuse, N. 

Y. (N.Y.) 

Piper, K., 
of Health 
Dak.) 


Sew. Wks., 
Fargo, N. 


an. Engr., State Det 
‘Bismarck, N. Dak. ( 


ie. 

= 

| 
| 

: 

= 
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Pipes, F., 5 Wentworth St., Malton, | Porter, Thomas H., San. & Civ. Price, Howard S., Sales Engr., Sanit. a 
s Yorkshire, Eng. (ISP) | Engr., Box 38, Portage la Prairie, Equip. Div., United Steel Corp., ‘ 
. Pirkl, Anton, Sew. Dis. Opr., Sewage | Manitoba, Can. (Can.) |  Ltd., 58 Pelham Ave., Toronto 9, 
Disposal Plt.. Highway No. 65, | Porter, William, Opr., Sew. Tr. Pit., |  Ont., Can. (Can.) 
“a Owatonna, Minn. (Cen. St.) | 55 Union St. Ballston Spa, N. Y. | Price, Justin L., Opr., Sew. Tr. Pit., 
Pitkin, Ward H., Sales Engr., Oliver | (N-Y.) | Va. Polytechnic Inst., Rt. No. 1, 
United Filters, Inc., 70 Bay Drive | Porzelius, A. F., Mgr., City Water | Cambria, Va. (Va.) 
: Harbour Green, Massapequa, N. Co., 126 E. 10th St., Chattanooga, | Price, J. P. Eyre, Vice-Pres., Wyo. 
Y. (N.Y.) Tenn. (Ky.-Tenn.) San. & Stone Co., 634 Connell 
‘ Pizie, Stuart G., Sales Engr., Chicago | Posey, James, Cons. Engr., 10 E. Bldg., Scranton 3, Pa, (Pa.) 
: Pump Co., 300 S. W. 21st Rd., Pleasant St., Baltimore 2, Md. | Price, Joseph W., Pub. Health Engr., 
fe Miami 36, Fla. (Fla.) (Md.-Del.) | Washtenaw Co. Health Dept., Ann ; 
i: Placak, O. R., S. A. Chem., USPHS, | Poston, H. W., Asst. Chi. Engr., Arbor, Mich. (Mich.) 
: Kroger Bldg., 7th & Walnut Sts., Kans. City Water Dept., Rt. 4, | Price, M. B., Supt., Sew. Whks., - 
. Cincinnati 2, Ohio ( Fed.) N. Kansas City, Mo. (Mo.) Thomasville, Ga. (Ga.) 
3 Pledger, A., “Granta,” Wolseley Rd., | Poston, R. F., San. Engr., Interna- Pritchard, R. W., Water & Light 
Ee. Camels Head, Plymouth, Devon, tional Boundary & Water Comm., Dept., Morristown, Tenn. (Ky.- 2 
‘ Eng. (ISP) Box 1859, El Paso, Tex. (Fed.) Tenn.) ~ 
Ei Plum, Svend, City Arch. Engr., P. | Potter, Dave, Om, & Supt., Mun Priest, N., Bath Sew. Wks., Saltford, *, 
O. Box 1294, Detroit 31, Mich. Sew. Tr. Pit., Princeton, Ill. (Cen. Nr. Bristol, Eng. (ISP) a 
(Mich.) St.) p Priester, Max U., Asst. Dir., Cons. 7 
Plummer, M. W., Gen. Megr., Butte | Potter, H. M., Rep., American Well Div., W. H. & L. D. Betz, Gilling- “ 
; Water Co., 124 W. Granite, Butte, Wks., P. O. Box 7632, Gwynn Oak ham & Worth Sts., Philadelphia 
Mont. (Mont.) Sta., Baltimore 7, Md. (Md.-Del.) 24, Pa. (Pa.) - 
. Plummer, Raymond B., Cons. Engr., | Potts, Clyde, Cons. Engr., 30 Church | Pringle, H. L., Mgr., Public Util. - 
% R. L. Kehan & Assocs., Cutler | St., New York, N. ¥. (N.Y.) | Comm., Whitby, Ont., Can. (Can.) on 
; Bldg., Rockford, Ill. (Cen. St.) Potts, Harry G., Sales Rep., Pa. Salt | Probasco, G. W., City Engr., 414 ce 
: Pocahontas, Town of, Att: Town Mfg. Co., P. O. Box 32, Wyan- First St., Newberg, Ore. (Pac. ok 
Clk., Pocahontas, Ia. (la.) dotte, Mich. (Mich.) N.W.) 
Pollex, Elmer, Foreman, Sew. Tr. | Powell, Dr. A. R., Gen, Mgr., Kop- | Probasco, S. R., City Engr., 311 St. on 
Wks., 119 Whiting Ave., Toledo, pers Research Corp., Koppers Bldg., Mary St., Burlington, N. 7: (N.J.) ras 
Ohio (Ohio) Pittsburgh, Pa. (N.Y.) Probeck, Charles, Asst. Pit. r., 
: Pollock, G. E., City Engr., Coates- | Powell, E. §., Dist. Sales Mgr., | Sew. Tr. Pit., 2nd St. Wohin PI bees 
; ville, Pa. (Pa.) Vapor Recovery System Co., Peo- Freeport, N. Y..(N.Y.) | = 
23 Pollock, John M., Sec., Port Wash = Gas Bldg., Chicago, Ill. Prodanovich, Danilo, Chf. San. 
; Sewer Dist., 28 Amherst Rd., Port (Mich.) Engr., Headquarters Third Army, ar 
7 Washington, N. Y. (N.Y.) | Powell, J. G., Cons, Engr., Gore & 9223 Holly St., Oakland 3, Calif. 2s 
a Pomeroy, Clarence, Supt.. Pub. Wks., | Storie, 1130 Bay St., Toronto 5, | (Ga.) nie: 
fas City Hall, Hartford, Mich. (Mich.) | Ont., Can. (Can.) — | Proper, H. J., San. Engr., AAF, 2800 ree 
‘ Pomeroy, Richard, Cons. Chem, | Powell, Otto, Opr., Sew. Tr. Pit., | Beuna Vista Terrace, S. E., Wash- oa 
Engr., Montgomery & Pomeroy, 1215 Superior St., Wisconsin Dells, ington 20, D. C. (Md.-Del.) Fh 
; 000 S. Fair Oaks Ave., Pasadena Wis. (Cen. St.) : d Protzeller, Raymond J., Mining , ee, 
: 2, Calif. (Calif.) Powell, Reuben R., San. Engr., Dept. Engr., Pa. Dept. of Health, Spang- : 
= Ponder, O. C., Opr., Jefferson County of ne Ae Force, 730 N. Fountain | ler, Pa. (Pa.) 8 
: Wat. Cont. Dist. No. 1, Box 150, Ave., Springfield, Ohio (Fed.) | Proudman, Chester F., Opr., Sew. ee 
. Groves, Tex. (Tex.) Powell, S. T., Cons. Chem. Engr., | Disp. Plt., New Canaan, Conn. a 
S Pontius, Arnold B., City Engr., | Professional Bldg., 330 N. Charles | (New Eng.) x 
Ephrata, Wash. (Pac. N.W.) | Puckhaber, Fred H., Div. Engr. 
vole. B. A.. Dir.. State ‘owell, W. L., Cons, Engr., Powell | Wallace & Tiernan Co., Inc., 1112 
‘State Bd.’ of Health, 2713 & Powell, 'Engrs., "Thomas | Liberty Bank’ Bldg.,” Dallas 1, 
F Ryan Dr., Indianapolis, Ind. (Cen. | Bldg., Dallas 1, Tex. (Tex.) | Tex. (Tex.) es 
oo St.) Powers, Martin J., >. Sew. Tr. | Puerto Rico Aqueduct & Sewer Serv- Kae) 
3 Poole, S. B., 11 Clive Ave., Dales | Pit., 182 Main St., Windsor Locks, ice, Stop 26%, Fernandez Juncos mae 
Lane, Whitefield, Nr. Manchester, | _ Conn. (New Eng.) Ave. Santurce, P. R. (Corp., “4 
Eng. (ISP) Powers, R. W.. Mech. Engr., 1112 |  P.R.) 
j Poole, William A., Opr., Sew. Tr. | Harbor View Ave., San Pedro, | Puffer, Stephen P., Supt., Sew. Tr. - 
"Pit, 227, S. Hollenbeck St, Co. | Calif. (Calif.) Pit., Town Hall, Amberst, Mass. 
vina, Calif. (Calif.) is Supt., Waste | Gee Eng.) 
bane, Sew. _ Pit, Jisposal, Dow em. Co., Waste | Pummill, L. F., Asst. Engr., Okla. 
Penton N | Disp. Div. Midland, Mich. (Mich.) ‘State Dept. of Health, “3400 N. 
= J. (N.J.) | Pratt, Enoch, Free Library, Period- Eastern Ave., Oklahoma City 5, ; 
“4 Porak Henry G. City Engr. icals Dept., Cathedral, Franklin & Okla. (Okla.) 
: Olympia, Wash. (Pac. N.W.) Mulberry Sts., Baltimore 1, Md. | Pung, Donald W., Cons. Engr., P. C. 
Rd ane Ral h. San. Engr.. USPHS. | (Md.-Del.) | Bettenburg & Co., 1437 Marshall | 
“Dist 405 E 13th’ St Kan. | Pratt, Jack W., Sales Engr., Process |  Ave., St. Paul 4, Minn. (Cen. St.) 
sas City 6, Mo. (Fed.) Engrs., Inc., 406 Montgomery St., | Purcell, James L., Engr., 287 Ham- ; 
| San Francisco 4, Calif. (Calif.) | ilton' Hackensack, N. J. (N.J.) 
Preater, Rodney N., San. Engr., | Purcell, Lee T., Cons. Engr., 1 Lee 
garets, Twickenham wiiddlenex, | Eas. Civic Center, Place, Paterson 1, N. J. (N.J.) 
Eng. (ISE) | Helena, Mont. (Moat.) Purdie, David J., Dist. Sales Mgr., 
P Earl V.. Pub. Health E Prestler, Charles J., Mgr. Pump |  Builders-Providence, Inc., Rm. 500, 
ies Dit Health Unit "No. 10 Kitks. | Sales, Fairbanks, Morse & Co., 80 | 20 Vesey St., New York 7, N. Y. gly 
Vist. No. 10, | Broad St., New York 4, N. Y. (N.Y.) 
ville, Mo. (Mo.) (Assoc. ) 
| Purser, John R., Jr., Pres., Purser & 
3 Porter, H., Asst. City Engr., Civic | Preston, A. M., Chief Opr., Oso | London, Inc., 816 Independence = 
x Center, San Mateo, Calif. (Calif.) Disp. Pit. Rt. 1, Box 36K, | Bldg., Charlotte, N. C. INC) 
: Porter, J. P., Chief Engr., Auckland | Corpus Christi, Tex. (Tex.) | Purvis, S. A., City Engr., North % 
Metropolitan Drainage Bd., P. O. | Price, C. R., Supt., Sew. Tr. Plt., | Bay, Ont., Can. (Can.) 
Box 208, Auckland, C. 1, Aus- | Box 590, Rapid City, S. Dak. | py vic V. ©. Jr, San. Engr 
2 tralia (ISP) : (S. Dak.) Marion L. Crist & Assocs., 508 : 
is Porter, J. W., Sr. Engr., Coddington | Price, Chester, Gen. Goreman, Sew. Union Life Bldg., Little Rock, 
Co., 2531 S. Court, Palo Alto, | cones. & Maint.. P.O. Box Sil, | Ark. (Ark.) 
Calif. (Calif.) Paso, Tex. (Tex.) | Purzycki, Edward }. Johns. 
Be Porter, Sam D., Cons Engr., Drury, Price, D. H. A., Yay Sew. Wks., | Manville Filt. Pit., 345 N. 8th 
McNamee & Porter, Ann Arbor, | Roch Mills, Rochdale, Lancashire, | Ave.. Box 297, Manville, N. J. : 
Mich. CMich.) | Eng. (ISP) (N.J.) 


Lo 
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~ Quaely, Martin F., Chem., Gu : : 

im ely, - , Guggen- | Rausch, E. B., Amer. Well Work i : i 

la | orks, , Reese, Karl B., City Engr., City 

Sew. its” Boulder’ Crest Pease’ & Cor Lig’ Filtly St; | Reese, Marshall, Rep. Buck Hill 

ew. Tr. Pit., Boulder Crest | 2, N. C. (N.C ‘alls C ‘ck ill Fal 
Dr., Atlanta 3, Ga. (Ga.) Rawls, Ge Legal Co., Buck fill Falls, Pa. 
Quartly, Eric V., Supt., S Asheville, N.C. (N.C) 
Bldg., Asheville, N. C. (N.C.) | Reese, R. J., Engr., Western St : 
sie “RB” Sts, San Diego Calif. Rawn, A. M., Chief Engr. & Gen. Penitentiary, Farms, R 
(Calif ) | Mer. A. Co, Dist., 330 D. No. 3, Bellefonte, Pa. (Pa.) 
Quinn, John J., Chem., K | 16 S. Maple Ave., | Reeve, Lester G., Opr., Sew. Tr. : 
Water Fit. Los Angeles 15, Calif. (Calif.) | Wks. & Ind. Was., 309 Loney St. 
a Dr., Knoxville 15, Tenn. (Ky.- ne. E. Otto, 67 McDonald St., | _ Fox Chase, Philadelphia, Pa. (Pa.) ey 
arrie, Ont., Can. (Can.) | Reeve, S. P., Cons. Engr., Black & 
ie Quivey, Raymond V., Opr., Sew. Tr Ray, Oliver T., Engr., Fed. Wks. Veatch, Cons. Engrs., 4706 Broad 2 
a Pit,’ P.O. Box 177, Viey Rd., Agency, 114 Marietta St., N. W., way, Kansas City 2, Mo. (Kan.) ‘ 
a RFD 4, Scotia, N. ¥. (N.Y) Atianta, Ga. (Fed.) Reeves, C. F., Dist. Engr DeLaval 5, 

i; | Ray, T. W., Dr., State Health Dept., Steam Turbine Co., 61 Beale St 4 
mabbage, J. B., Sen. Engr, Chi. | Austin, Tex. | Sem Francizco S, Calif. (Calil.) 
cago Pump Co.. 2336 Wolfram St., | , (Te) | Regan, Charles L., Asst. Civ. Engr zs 

‘ Chicago 18, Ill. (Cen. St. | Raymond, Richard L., Chem Jr- City Dept. of B ‘s., 299 W. 2 
) d , Ur y Pub. Wks., 299 W 
Rader, L. A., Supt., Sew. & Wat bana-Champaign San. Dist., 206 N. | 12th St, New York 14, N.Y. 

(Ohio) =. | Regan, H. D., Supt. of Sew Tr 

S, seed, | Sow. Wis, | Pub. Wks. Dept., Old Frankfort 
: Univ. of Toronto, c/o Miss Greta | ——— Yorks., Eng. | Pike, Lexington, Ky. (Ky.-Tenn.) es 

xolden, 1844 Yonge St., Toronto, Reges T ‘ons. E 
Ont., Can. (Can.) | Reading, Lyle M., Opr., Sew. Tr. | Lite Bids ; 

| Rado, Joha A.. Supt. of Pub, | Ashton Detroit | Md. — 

q 73 Harriet St., Allegany 'N Y. 19, Mich. (Mich.) | Regni hi 
(N.Y.) | Reaney, Charles F., Cons. Engr ‘eek st” Peal 
Rady, Joe J., Cons. Engr., 811 Amer 3829 Wemdon Dr., Dallas 9, Tex. st. Baltimore 2; Md. <P. 
ican’ Fidelity Bldg. Ft. Worth, | | Reh 

Tex. (Tex.) R., Supt., Sew Tr. | “The 
Denial. Break, Com. E it., 1036 N. 17th St., Manitowo 

of 236, New Haven 2, Conn. (New | Reaves, Samuel H., Supt., Wat. & | p mage i ; 
Eng.) Sew. Whs., 133" West ‘St... Win- Ch. & 
Raisch, William, Cons. Engr., 118- | “Beste Va. (Ga; Dual—Va.) ‘lowerfield Acres, Kt. 1, Lombard, 

Els 11 84th Ave., Kew Gardens, L I Rechen, Henry J. L., Asst. Sar ge Acres, Rt. 1, Lombard, 
N.Y. (N.Y. & New Eng.) Engr, USPHS. "23 “Cypress, Ho- | | 
Rolle, Willem Sept. of U.S. Acad Reibling, T. L., Dist. Mgr., Vapor 
4 Util., Trenton Mun. Util. Tren. emy, Annapolis, Md. (Fed.) Recovery System Co., 1501 Euclid ae 

ton, Mo. (Mo.) Rector, K. E., Cons. Engr., 2833 Cleveland, Ohio (Ohio & 
Ramage, H. L., f Util.. Ly entucky St., Topeka, Kar 
upt. of Util., Lyons, (Kan.) Re G. Cons. Engr., 264 
Ramos, Luis, 15 / Redding, Harry P., Engr., Durha avenue Toronto, Ont., Can. 

Weter, Dept. Ducham, N. c.| 3 
q Ramseier, Roy E., St., Cons. Reid, George W., Assoc. Prof., San. 
4 Hyd. ao. 2813 oo ge Redfern, W. B., Cons. Engr., Proctor, Eng., Ga. Tech., Atlanta 3, Ga. ; 

Berkeley 4, Calif. (Calif.) Gan Toronto 1, 
Ramsey, Oscar P., Wat. Wks. Su; nt., Can. (Can.) Reid, Hugh, Sta. Engr., City Dept. : 

; Crystal Beach, Ont., Co. (m3 | Redman, George W., Opr., Sew. Tr. Pub. Wks., 57-03 134 St Flush: 

Ramzel, R. A., Supt., Sew. Dept., | E. Lincoln Highway, | 18: L. N. Y. (N.Y.) 
Amarillo, Tex. (Tex.) (Pa.) Reilly, John J., Cons. Engr., 500 
4 Rand, C. M. W.. Jr., Sales Engr. | Redmond, Jack G., Sales Engr., Dia- Newrose Bldg., Main & Spring Sts . 

Pittsburgh Equitable “Meter Co., Cincinnati, Ohio Pittston, Pa. (Pa.) 

409 Bona Allen Bidg., Atlanta 3, | Rein, L.E.. Pacific Fius : 
Ga. (Ga) dg., Atlanta 3, | Reed, Charles A., Asst. City Engr., | Chine 
Randall, W. T., Pres. Me Hall, Oakland 12, Ill. (Assoc. ; Cen. St.) 
ters, Ltd., Lakeshore R ong | R | Reis 
Long | Reed, Geo. Dewey, San. Engr., State | — W., Asst. San. 
Raneti. Ray, E Health. 620 S. 3rd St., 2009S. Margue 
aneri, |Ray, Engr, USPHS, Wat. | y. (Ky.-Tenn.) 
he Sts., Cincinnati, Ohio (Fed.) Bridge St., Yuba "City. “Calif. | Reinke, E. A., Chief, Bur. of San. eS 
Raney, L. A. Wat. & Sew. Supt, | (Calif.) | 2180 Berkeley” 
Box 86, Silsbee, Tex. (Tex.) Reed, Leon H., P. O. Box 81, Pitts: | Calif. (Calif) — 
Rankin, R. S.. Engr., The Dorr Co,, | Seid, Mass. (New Eng.) | Reinoebl, Don, City 
fae 570 Lexington Ave., New York 22, | Reed, Paul W., San. Engr., St. D hee tg ee 6 
N.Y. (N.Y.) | of Health, 1098 
Ransiear, William A., Opr., Sew. Te. | Indianapolis 7, Ind. (Cen. St.) Remsburg, W. 

0. Bor 171, Great Bend, | Reed, Ralph, Asst. City Engr., Wa- | Bld; 

oH Rape, Daniel J., Supt., Mun. Sew. | Reed, Ramsey, Sales Engr. U.S | Remson, John, Pit. Opr., Sew. Tr. a 
Tr. Wks., 1360 Madison Ave. | Pipe & Found. Corp First | Flt, St- John’s Pi., Freeport, 

Clearwater, Fla. (Fla.) Bk. Bldg., Birmingham, Ala. N. ¥. (N.Y.) 

Quarries Co., | Reed, Thomas F., Chem. Engr., U. Lid... Histon, Cambridge, Eng 

ag | Ave., Rm. 1614, Pittsburgh 30 R d, Gleas ‘ 

Rath, Henry M., Supt., Tallmans Is. 4 San. 

Sew. Tr. Plit., 35-36 76 St., Jack- | Reedy, Ti 
(6 St., | y, Timothy D., Supt., Sew Fourth Ave., Sacrame i 
son Hts., New York, N. (N.Y.) Pit., 2422 Miller Rd Mick (Calif 
Whitman, Re- | (Mich.) Reppart, H & Fed 

quardt ocs., Baltimore, Md. | Reen, Patrick, Plt. Opr.. Y 901 Fidelity : 
ae (W. Va.) , | J trick, Plt. Opr., Youngs- Agency, 701 Fidelity Bldg., Kansas 
town, N. Y. (N_Y.) 
a 


a 
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Requardt, G. J., Cons. 
man, Requardt & 

St. Paul St., Baltimore, (Mae 
Del.; Dual—N. Y.) 

Restivo, Melvin, Chem., Cornell- 
Dubilier Elec. Copy Central Ave., 
Stirling, N. J. N.J.) 

Reuning, How fy T., Engr., Key- 
stone Tanning & Giue Co., Mont- 
morenci Rd., Ridgway, Pa. (Pa.; 
Dual—W. Va.) 

Reuschel, Earl R., Sew. Wks. Opr., 
2908 Clifton, St. Louis 9, Mo. 
(Mo.) 

Reynaud, J. R., Pit. Opr., W. Long 
Beach Sew. Dist., 35 Ere Ave., 
Atlanta Beach, N. Y. (N.Y.) 

Joel W., Preston 

Co., 113 Broad St., 
Mass. (New Eng.) 
Leon B., Prof., 
Eng., Stanford Univ, Rm. 
275, Stanford, Calif. (Calif.) 

Reynolds, M. M., City Engr., Mar- 
tinsburg, W. Va. (W. Va 

Reynolds, M. W., City Supt., City 
Hall, ‘Mich. (Mich.) 

Reynolds Metals Co., P. O. Box 2289, 
Phoenix, Ariz. (Corp., Ariz.) 

Reynolds, Ralph W., Mgr., West 
Palm Beach Water Co., P. O. Box 
1311, West Palm Beach, Fia. 
( Fla.) 

Reynolds, W. D., 11 Victoria St., 
Westminster, London, S 
Eng. (ISP) 

Rezba, John, Tech. Supt., Kimberly- 
Clark Corp., Box 331, Memphis, 
Tenn. (Ky.-Tenn.) 

Rhodes, P. L., Saies Engr., Amer. 
Car & Foundry Co., New York, 
N. Y¥. (Va.) 

Ribal, Robt., Drain. 
701 City Hall, Oakland, if, 
(Calif.) 

Ribner, Morris, Bact., Mt. Prospect 
Lab., City Dept. of Wat. Supply, 
355 Park Pl., Brooklyn, N. Y 
(N.Y.) 


Ribreau, Gilbert E., Sta. Engr., Dept. 
of Pub. Wks., -65 162nd_ St., 
Beechurst, L. Y. (N.Y.) 

Rice, Archie H., Engr. Cornell, 
Howland, Hayes & Merrytield, 212 

Rennie Bidg., Corvallis, Ore. (Pac. 


Rice, Clifton L., Prin. Opr. Engr., 
Wat. Dept., Morrison Field Army 
Air Base, 714 Claremore Dr., W. 
Palm Beach, Fla. (Fla.) 

Rice, Edward B., Dist. Engr., U. S. 
Geol. Survey, P. O. Box 1326, 
Raleigh, N. C. (N.C.) 

Rice, John E., Chem., 161 Chesa- 
yeake St., S. W., Washington 20, 
(Fed.) 


Rice, Jobn M., Cons. “2. Century 
Bidg., Pittsburgh 22, Pa. (Pa.) 


Rice, Lawrence G., Cons. Engr., Gan- 
nett, Fleming, Corddry & Carpen- 
ter, 11 Country Club Pl., Camp 
Hill, Pa. (Pa.) 

Rice, Russell J., Cons. Engr., 60 
Stevens Rd., Needham 92, Mass. 
(New Eng.) 

Rich, E. A., City Engr., $9) Crest- 
wood, Camden, Ark. (Ark 

Rich, Linvil G., Instr., a Eng., 
Va. Poly. Inst., Box 423, V. P. 1. 
Sta., Blacksburg, Va. (Va.) 

Richards, G. H., City Engr., Brant- 
ford, Ont., Can. (Can.) 


| 
| 


Boston 10, | 


Hyd. & | 


Richards, Paul W., 809 DeLowe Dr. 
E. Point, Ga. (Cen. a 

Richardson, Allyn, Sr. 
Dept. of Nat'l. alth Well 
Rm. 302, Williamson Big. Ed- 
monton, Alberta, Can. (Can.) 

Richardson, C. G., Builders-Provi- 
dence, Inc., Div. of Builders Iron 
we P. O. Box 1342, Provi- 
dence, R. I. (Assoc.) 

Richardson, J. C., Supt., Wat. Filt. 
Pit N. Carolina, Saginaw, 
Mich. 

Richardson, L. A., 
Richardson Eng. Co., 
Dak. (S. Dak. 

Richardson, Lewis P., Prin. 
Sew. Tr. Pit., Roane Anderson 
135 Lancaster Rd., 
Tenn. (Ky.-Tenn.) 

Richardson, Paul J., 110 Rancocas 

J. (Pa) 


Cons. Engr., 
Kadoka, S. 


Oak Ridge. 


Ave., Riverside, N: 


| Richey, R. T., San. Engr., John 


Dolio, Cons. Engr., Rm. 1180, 208 
S. LaSalle St., Chicago 4, Ill. 
(Cen. St.) 

Richgruber, Martin, Opr., Sew. Tr. 
Pit., 420 E. Oak St., Sparta, Wis 
(Cen. St.) 

Richheimer, Chas. E., Cons. Engr. 
Reynolds, Smith & Hills, 227 Park 

Jacksonville, Fla. (Fla.) 


ean W. F., Opr., Sew. Tr. Pit., 
111 E. 8th St., Winona, Minn. 
(Cen. St.) 


Richter, Paul O., Mer. Central Div., 
Eimco Corp., 3319 S. Wallace St., 
Chicago 16, til. (Assoc. ; Cen. St.) 

a. Grover E., Supt., Wat. Wks. 

Sew. Tr., Bd. of Pub. Wks.. 
664, Binghamton, N. Y 
(N.Y.) 

Rickard, Joseph, Supt. of Util., Mor- 
gan Heights T. B. San. Marquette, 
214 W. Clark, Negaunee, Mich 
(Mich.) 

Rickenbach, Howard F., 
Borough Hall, W. 
(Pa.) 

Ricketts, H. P., Field Engr., Infilco, 
Inc., 2757 Lydia, Baton Rouge, 
La. (Ky.-Tenn.) 

nee J. C., City Engr., Town 
Hall, Oxford, Eng. (ISP) 

Riddell, James, Mun. Engr., Ren 
frew, Ont., Can. (Can.) 

— M. D. R., San. Engr., Gree- 

y & Hansen, 220 S. State St., 
Chicago 4, Ill. (Cen. St.) 
Riddick, Thomas M., Cons. Engr. 
& Chem., 369 E. 149th St., New 
Your 
Riddle, William G., Sr. Engr., Burns 
McDonnell Eng. Co., 4511 Ben- 
ton Blvd., Kansas City 2, Mo. 
(Mo.) 


Boro Mgr., 
Reading, Pa. 


Ridenour, G. M., Assoc. Prof., School 
of Pub. Health, Univ. of Mich., 
Ann Arbor, Mich. (Mich.) 

Riedel, John C., Chief Engr., Bd. 
of Estimate, 505 Macon St., 
Brooklyn, N. Y. (N.Y.) 

Riedesel, Henry A., Supt., Rockford 
San. Dist., Spring Creek Rd., 
Rockford, Ill. (Cen. St.) 

Riegel, H. J., Pres., Pump & Light- 
ing Co., inc., Box 1856, Charlotte, 
N.C. (N.C.) 


nas, M. L., Chief Chem., State 


ept. of Health, 380 Garden Rd., 
Columbus 2, Ohio (Ohio) 
Riehl, W. H., City Engr., City Hall, 
Stratford, Ont., Can. (Can.) 


Richards, John E., Asst. Engr., State } Rigby, J. B. H., Vice-Pres., Ontario 


Health Dept., 302 Ohio Depts. 
Bldg., Columbus 15, Ohio (Ohio) 


Const. Co., Box 36, St. Catharines, 
Ont., Can. (Can.) 
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Riggs, C. E., Cons. Engr., 40 Mt. 
View tee Billings, Mont. (Mont.) 


Riggs, I L., Field Engr., Portland 
ment Assn. 963 Stewart St., 
Rihm, Alexander, San. 
Engr., State Dept. c Health, Div. 
of San., Albany 1, N. Y. N.Y.) 


Erik, Asst. Engr., 
Nussbaumer & Clarke, Inc., 28 
Clorendon Pl., Buffalo 9, N. Y. 
) 

Riker, I. R., Boro Engr., 4 Stockton 
St., N. Jj. (N.J.) 

Riley, Harley M., Dist. Engr., 
State Dept. of Health, Rm. 709, 
Kilner (Press) Bldg., ‘Binghamton 
60, N. Y. (N.Y.) 

W., Engr., © 
ong. 2825 ‘Cowper 

, Palo Alto, Calif. (Calif.) 

Clidus, Supt. of Util., 
Hagerstown, Ind. (Cen. St.) 

Rinehimer, Charles 7. 11 Seneca St., 
Forty Fort, Pa. (Pa.) 

Ritchie, Charles L., San. Engr., State 
of Health, 257 E. Washington 

, East Peoria, Ill. (Cen, St.) 

Requardt Assocs, t. Paul 
St. 2, -Del.; 

) 


Dual—N 
Ritter, Bruce, Supt., Wat. & Sew. 
Tr. Pit., Lake Odessa, Mich. 
(Mich.) 


Ritter, Paul J., 19351 sepia, De- 
troit 19, Mich. (Mich.) 


Ritter, Rollin, San. Engr., Hdgrs. 
3rd Army, P. O. Box 1351, At- 
lanta, Ga. (Ga.) 

Rives, J. A., Asst. Prof., Eng., 
Va. Poly. Inst., Va. 
(Va.) 

Roach, W. H., Wat. & Sew. Wks. 
Supt., Carrington, N. Dak. (N. 
Dak J 

— Henry L., P. A. Engr. (R), 

USPHS, 240 Peabody ss 
Washington, D. C. (Cen. St.; Dual 
—Fed.) 

Robbins, J. M., Assoc. Prof., Civ. 
Engr., Newark College of Eng., 
83 Maplewood Ave., Maplewood, 
N. J. (N.J.) 


Robeck, Gordon G., Asst. Engr., 
USP. Hs, P. O. Box 461, 4 
Alamos, N. M. (Fed.) 


Roberton, L. T., Sew. Disp. Engr., 
565 William St., London, Ont., 
Can. (Can.) 


| Roberts & Brune Co., 115 Townsend 
St., San Francisco 7, Calif. (Calif.) 
Roberts, Dr. R., Sales Chem., 


Cc. 
524 W. 57th St., New York, N. 
Y. (N.Y.) 


Roberts, E. F., Sec.-Treas., Grand 
River Conserv. Comm., Box 720 
Brantford, Ont., Can. (Can.) 


Roberts, F. C., pf. San. Engr., 
USPHS, Ft. Was ington, Washing- 
ton 20, D. C. (Fed.) 

Roberts, Hazel V. (Miss), Jr. Anal. 
on. State Dept. of Health, Div. 
o & Res., New Scotland 
Ave., , N. ¥. (N.Y.) 

Roberts, Jack, Engr., N. Toronto 
Sew. Tr. Pit., 515 Donlands Ave., 
Fast Poe Toronto, Ont., Can. 


nom, John D., Roberts Filter Mfg. 
, Darby, Pa. (Pa.) 


Martin S., Hart, Freeland 


t, 
& Roberts, 926 Third Nat'l. Bank 
Bldg., Nashville, Tenn. (Ky.- 
Tenn.) 


5 
= 
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Roberts, Martin S., Jr., Hart, Free Rogers, Jack C., Assoc. Health Engr., Rowley, P. Mells, Cons. San. Engr., 
land & Roberts, 926 Third Nat'l Health Dept., 116 W. Temple icDowell, 401 Chester- 
Bank Bldg., Nashville, Tenn. , Los Angeles 12, Calif. (Calif.) Twelfth Bldg., Cleveland 14, Ohio 
(Ky.-Tenn. ) | Roan John A., Opr., Sew. Tr. Plt., (Ohio) 
Roberts, W. C., Dir., Pacific Eng. 6 Central Ave., Milford, Conn. | Royer, R. Stuart, Pres., R. Stuart 
Lab., 604 Mission St., San Fran- | (New Eng.) | Royer & Assocs., Virginia Bldg., 
cisco 5, Calif. (Calif.) | Rogers, M. W., Mer., Pub. Utils. Richmond, Va. (Va.) 
Robertson, J. L., Jr., San. Engr. Dir., Comm., Carleton Pl., Ont., Can. Rubin, Lazarus, Chem., St. Dept. of 
USPHS, Rm. 2412, Federal Se- (Can.) Pub. Health, 541 Staie House, 
curity Bldg. S., Washington 25, Rogers, Samuel M., San.. Broward Boston 33, Mass. (New Eng.) 
D. C, (Fed.) , Co. Health Dept., Ft. Lauderdale, | Ruble, Earl H., Pub. Health Engr., 
Robins, Maurice L., Chem., Minne- Fla. (Fla.) 409 City Hall, Duluth, Minn. 
apolis-St. Paul San. Dist., P.O. | Rogers, W. H., Supt., Downers Grove (Cen, St.) 
B mx 3598, St. Paul 1, Minn. (Cen. | San. Dist Downers Grove, Ill. | Ruby, William H., Chief Engr., 
st.) (Cen. St.) Acme Limestone Co., 27, Ft. 
Robinson, Clarence M. Dist. Engr., Rogus, Casimir A., Struc. Engr., Springs, W. Va. (W. 
Ohio Dept. of Health, 328 Fair- | “Dept. of Pub. Wks., 206 38 Ave.. | Ruck, Franklin, ‘aly co Tr. 
way Dr., Columbus, Ohio (Ohio) Bayside, L. I, N. ¥. (N.Y.) Wks., R. R.'No. 3, Troy, Ohio 
$ Robinson, G. G., Pre Concrete Rohlich, Gerard A., Prof., San. Eng | (Ohio) 
Pipe, ‘Ltd, 462 Harbour Bldz., Univ. of Wis., Hyd. & San. Lab., | Ruchhoft, C. C., Prin. Chem., 
Toronto, Ont., Can. (Can.) — Madison 6, Wis. (Cen. St.) USPHS, Kroger Bldg., 7th & Wal- 
Robinson, I, F., Contr. for Sludge | polfson. Orville, Civ. Engr. & Surv. nut Sts., Cincinnati 2, Ohio (Cen. 
Removal, R. = No. 2, Wilton | 607-8 Bartlet Bldg., Windsor, Ont. St.; Dual—Fed.) 
Grove, Ont., Can. (Can ) , Can. (Can.) Rudgal, H. T., Supt., Sew. Tr. Plit., 
: ay ee L., Dist. Engr., State Roll, A. H., Supt., Sew. Tr. Plt 6423 43rd Ave., Kenosha, Wis. 
ept. of Health, P. O. Box 1741, 316 E. Main S hil Wis (Cen. St.) 
Ft. Worth. Tex. (Tex.) 31 {. Main St., Chilton, is. | 
Pitebure! (Cen. St.) | Rudge, John 1., Gen. Mgr. & Vice- 
cobinson, Kyle I., Pres., Pittsburgh ollins. W , ; Pres., W. Va. Pump & Supply Co., 
Pipe Cleaner Co. of N. 3004 R P. O. Box 2081, Huntington, W. 
Woolwe Bldg., New York 7, Bldg Mo (Mo.) Va. (W. Va.) 
, (Assoc.) Idg., Kansas y, Mo. (} 
| > Rudolfs, Dr. Willem, Chief, Dept. of 
Robinson, Thomas B., Engr. Asst Fond = San., Agr. Exp. Sta., Short Course 
Black & Veatch, Cons. Engr., 2712 Wis. (Cen. St.)” Bldg., New Brunswick, 
W. 67th Terrace, Mission, Kan. (NJ) 
(Kan.) Ruehl, Edward H., Assoc., R. Stuart 
: Robinson, Thomas F., 363 Spring- Royer & Assoc., Rm. 205-07, 601 
field St., Chicopee, Mass. (New | Roob, F. H., Megr., City Wat. & | E. Franklin, Richmond 19, Va. 
Eng.) | Light Dept., Columbus, Wis. (Cen. (Va.) 
Robinson, W. S., San. Opr., U. S. P st.) : Ruge, J. Herman, San. Engr., Rt. 4, 
Navy, ey Louise St., Long Root, Darrell A.. Sr. Civ. Engr., E. | Box 383, Jacksonville, Fla. (Fla.) 
Beach, Calif. (Calif.) Bay Mun. Util. Dist.. 538 Via | . 
Yecoro. S *alif Ovid G., Supt., Sew. Tr. 
t Robinston, B., Dist. Mgr., Hardinge Pecoro, San Lorenzo, Calif. (Calif.) | 305 Roland Ave.,’ Belleville, 
Co., Inc., Rm. 305, 200 Bay St., Rosenberg, Julius, Asst. Plt. Opr., | Ay « ‘en. St.) 
Toronto, Ont., Can. (Can.) 6 Taft ge Hempstead, L. I., N. 


Rule, Fearn, Opr., Sew. Tr. Pit., 


tocco, John, Pit. Opr., Sew. Tr. Plt., | Y. (NY. | Elgin State Hospital, Elgin, Ill. 


20 Queen St., Freeport, N. Y. | Rosengarten, W. E., Twp. Engr., 75 | (Cen. St.) 
Rocheleau, Robert F., Engr., Water . Chlorine Prods. Corp., P. O. Box 
Pollution Comm., Concord, N. H. Roser, R. C., Engr., Tappan Stove | 272, S. Charleston, W. Va. (W. 
(New Eng.) Co., 250 Wayne St., Mansfield, Va.) 
Rock, Harold F., Sr. San. Engr., Ohio (Ohio) | Rumble, G. B., Engr., R. R. No. 1, 
State Dept. of Heal th, Morris, N Ross, T. T., M.D., State Health Atherley, Ont., Can. (Can.) 
¥. | | Rummel, Edward F., Cons. Engr.. 
Rocker, C. G., 19 Brown Ave., | (Ark.) . wegree Sandlass, Wieman & Assocs., 1021 
: Hempstead, L. I., N. Y. (N.Y.) | : N. Clavert St., Baltimore 2, Md 


Ross, W. E., City Engr., 221 S. 21st (Md.-Del.) 
St., Richmond, Ind. (Cen. St.) 


Rodwell, R. D., Cons., Downey 


Heating Co., 1739 W. St. Paul Runyan, Damon, Partner, Arch 
Ave., Milwaukee 1, Wis. (Cen. | Rostenback, Royal E., Chem. Engr., Engr.. Runyan & Slee, Box 58, 
St.) 319 N. Quincy St., Buckingham Longmont, Colo. (Rocky Mtn.) 
Rodwell, W. K., 44 Park —— St. Community, Arlington, Va. (Fed.) Runzler, Gustave, Opr., Sew Tr. Plt., 
Leeds, Yorks., Eng. (1S Roth B. F., Supt., Sew. Tr Wks., | 563 Geneva St., Burlington, Wis 
Son 116 W. Spring St., Oxford, Ohio | (Cen. St.) 
borundum Co., Perth Amboy, N (Ohio) | Ruppert, E. L., Pub. Health Engr., 
J. (N.Y.; Dual—New Eng.) Roth, G., 97 Jubilee Dr., Kidder- Wash. State Dept. of Health, 1412 
Roe, Joseph P., Opr., Sew. Tr. Plt., minster, Worcestershire, Eng. (ISP) Smith Tower, Seattle, Wash. (Pac. 
147-43 95th Ave., Jamaica, N. Y. | Roth, R. W., R. W. Roth-Dyeing N.W.) 
(N.Y.) & ‘Bleaching, 44 N. Berne St., Ruscica, Samuel, Gen. Mer., Ruscica 
Pa. Schuylkill Haven, Pa. (Pa.) Bros., 26 Industrial St., Leaside, 
Salt Mig, Co., 1000 Widener Bldg., | Rothrock, R. K., 5316 Dryades St., Ont., Can. (Can.) 
Philadelphia, Pa. (Pa New Orleans 15, La. (Tex.) Rush, Karl K., Tech. Dir., Elec 
Roetman, T., San. Engr., | Rotthaus, Helen (Mrs.), Sec.-Treas., | chem. "Ohio (Ohio) 
Amer Viscose Ce 35 S._ 9th Ariz. Sew. & Wat. Wks. Assn., Cleveland, 
Phil ~ ipbia 7, Pa. (Pa.; Dual 2237 N. 22nd Pl., Phoenix, Ariz. Russell, Geo. D., 7005 Lindell Blvd.. 
ia & Va.) (Ariz.) University City, Mo. (Mo.) 
heen. py H., Supt., Pub. Wks., Rounds, Garland L., Dir., Eng. Div., | Russell, George S., Pres., Russell & 
110 Seventh St., Garden City, N Federal Wks. Admin, 4625 37th Axon, Cons. Engrs., 7005 Lindell 
Y. (N.Y.) St., N., Arlington, Va. (Fed.) | 3lvd., University City, Mo. (Mo.) 
Rogers, D. Paul, Prin. Chem., State Rowen, R. W., Vice-Pres., Richols | Russell & Axon, Cons. Engrs., Mer- 
Dept. of Health, Harrisburg, Pa. Eng. & Res. Corp., 60 Wall Tower, chants-Laclede Bldg., 408 Olive 
(Pa.) New York, N. Y. (Assoc.; Cen. St., Suite 203, St. Louis 2, Mo. 
S 
Rogers, Harvey G., Dir., Div. _ of ey (Mo.) 
Wat. Pollution Control, State Bd. | Rowinski, N. M., Cons. Engr., Row- Russell, J. P., Managing Ed., Water 
of Health. 3416 Edmund Blvd inski Eng. Co., Rhinelander, Wis. & Sewage, 341 Church St., Torontc 


Minneapolis 6, Minn. (Cen. St.) (Cen. St.) 2, Ont., Can. (Can.) 


‘ 
2 
“3 
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Russell, Jess L., Resident Engr.-Mgr., | Sampson, George A., Cons. Engr., | Schaefer, J. D., . 7 > it ng Co., 
Russell & Axon, Old & Third Bank | Weston & Sampson, 14 Beacon St., | | Marlinton, W. . Va.) 

. Bldg., Union City, Tenn. (Ky.- Boston 8, Mass. (New Eng.) ! Schaetzle, T. C., 4 yey Ener. 
“ Tenn.) Sampson, J. A., Asst. Engr., Ia. State Sew. Tr. Wks., 1200 Berwin St., 
“Ss Rutherford, Norman P., San. Asst., Capitol Bldg., Des Moines, Ia. | Akron 10, Ohio (Ohio) 

: Bur. of ‘San. Eng., State Dept. of | (la. | Schaller, August R., Dist. Pub. 

Health, Harrisburg, Pa. (Pa.) Samson, Channel, Opr., Sew. Tr. Pit, | Health Engr., Div. of Health, 

Ruthven, Town of, c/o Oliver G. Lee, 176 Midiand Ave., Kenmore, N Monett, Mo. (Mo.) 

Sew. Supt., Ruthven, Ia. (Ia.) ¥. (4.4.3 Schanze, C. E., Mgr., Joplin Wat 

Ryan, Alfred J., Cons. Engr., one Sanborn, J hey Engr., Sanborn Wks. Co., Joplin, Mo. (Mbo.) 

& Ryan, First Nat'l. bank Bldg., & Fitzpatrick, 50 Church St.. Rm. | Schatz Robe Ss: Pa 

Denver, Colo. (Rocky Mtn.) | 275, New York 7, N. Y¥. (N.Y. Dept. of 

Ryan, J. Samuel, St. Comm., 99 | Sanchez, Manuel Bey, Dist. Engr., Ave., York, Pa. (Pa.) 

Olean’ St., Bolivar, N. ¥. (VY) Aqueduct & Sew. Serv., Mayaguez, | Schaut, George G., Chief Chem., 

Ryan, William A., Cons. Chem., 18 P. R. (P.R.) 1308 W. Ontario St., Philadelphia, 
Ridge Rd., W., Rochester, N. Y. | Sanchis, Joseph M., San. Engr., Pa. (Pa.) 

(N.Y.) | Dept. of Wat. & Power, 2745 Med- — Scheak, H. M., Chem., R. C. Harris 

Rybka, Dr. Karel R., Cons. Engr., low Ave., Los Angeles 41, Calif Filt. Pit., 75 Rosedale Heights, 
96 Bloor St., W., Toronto, Ont., (Calif.) Toronto 5, Ont., Can. (Can.) 

Can. (Can.) Sanders, Harold P., Asst. a. Pure | Scheffer, Louis K., Dist. San. Engr., 

Kyckman, Seymour J., Univ. of Me., Oil Co., 600 ‘41 Ist S. E., | State Dept. of Health, 1013 ipan 
Wingate Hall, Orono, Me. (New Charleston, W. Va. Ww "Va.) St. Harisburg, Pa. (Pa.) 

Eng.) Sanders, M. D., Res. Chem., Swift Scheid, Charles R., Res. & Sales 

Rybolt, Howard R., Assoc. Engr. & e Co... Res. Lab., Union Stock Engr., Pacific Clay Prods., Box 
Supt. of Const., Orlando Air Base, Yds., Chicago 9, Ill. (Cen. St.) 145, Sta. A, Los Angeles 31, Calif. 
1505 Illinois St., Orlando, Fla. | Sandquist, E. S., Asst. Div. Engr., (Calif.) 

(Fla.) Fed. Wks. Agency, 2255 Grape St., Scheidt, Burton A., Sr. Civ. Engr., 

Rydland, Levi N., Mich. Stream Denver 7, Colo, (Mont.; Dual— San. Dist. of Chicago, 1700 W. 
Control Comm., Box 87, Lansing, Fed.) 9ist Pl, Chicago 20, Ill. (Cen 
Mich. (Mich.) Sanderson, W. W., Chem., Div. of St.) 

Rymer, Mary E. (Mrs.), City Chem., Labs., State Dept. of Health, New | Scheinert, A. G., Sales Engr., Rens- 
City Hall, Colorado Springs, Colo. Scotland Ave., Albany, N.Y. (New selacr Valve Co., 1404 Olive Bldg., 
(Rocky Mtn.) Eng.; Dual—N. Y.) Pittsburgh, Pa. (W. Va.) 

Sandy, C. R., Supt., City Wat. Dept... Schenk, E. E., Cons. Engr., 214 

Enilic 1462 Ave, | Ve.) Waterloo Bldg., Waterloo, Ia. (Ia.) 
Stop 20, Santurce, P. R. (P.R.) ~4 28° Schieck, James W., Foreman, Wat. 

Sackrider, George, Wat. Wks. Supt., Se Rm 821, New York 13, N 257, Cheyenne, 

Saetre, Leif, Asst. Plt. Opr., Bel- | Sargent. Edward C., Supt. Sts. & | wrster pr., Sew. Fit., 
grave Sew. Dist. 4 Spruce St., 2376 Northland ‘Ave., Lake- | 
Great Neck, N. Y. (N.Y.) wood 7, Ohio (Ohio) | Schi hl. Donald Phili Sa | 

Safford, M. A., Dist Mgr., Wallace Sattes, F. L., Sales Mer., Belle Al- | Bd. of H Pp 
& Tiernan Co., Inc., State St., kali Co., Belle, W. Va. (W. Va.) | ‘ille 1. Fila. 
Albany, N. Y. (N.Y. Jacksonville 1, Fla 

Safford, “ s. Engr. Jept. of San. & Drain., Cit l, | Schindle . 
she St. Boston, Dian. (New inery, Div. of Sonneborn & Sons, 
Eng.) . Saunders, Clare B., Town Engr., Box | Inc., Petrolla, Pa. (Pa.) 

Sage, Howard D., Comm. of Pub. | 763, Cobourg, Ont., Can. (Can.) | Schindler, Richard K.. Inst., Civ. 
Vks.. 192 S. Main St.. Mechanic. | 5@vage, Edward, Chem., Guggenheim Eng., Univ. of Santa Clara, Col- 

a ‘ | Bros., 120 Broadway, New York, lege of Eng., Santa Clara, Calif. 
ville, N Y. (NY.) N. (Calif.) 

Mick, Saville, Th wndike, Prof, Hyd. & | Schick. J. M.. Sew. Plt. Opr., 804 

agra San. Eng Y¥.. Univ., Box 65, E. Third St., Casper, Wyo. (Rocky 

Sager, John C., Major, 2515 University’ New York, N. Y: Mtn.) 
St’) 5. (N.Y.) Schlechty, Eugene W., Asst. Supt., 

‘ele ag - Sawyer, Clair N., Prof., Dept. of Civ. | Sew. Disp. Plt., 357 Baxter St., 

St. George, Sam., Asst. Plt. Opr., 51 & San. Eng., Mass. Inst. of Tech., Medina, Ohio (Ohio) 
km St., Fredonia, N. Y. Cambridge 39, Mass. (New Eng.) | Schlenz, Harry E., Vice-Pres., Pa- 
Sawyer, Robert W., Jr., Cons. Engr., | cific Flush-Tank Co., 4241 Ra- 

St. John, Conrad H., Supt., Sew. Tr. Malcolm Pirnie Engrs., 46 Fern- | venswood Rd., Chicago 13, Ill. 
Pit, Box 1411, Pensacola, Fla. cliff Rd., Scarsdale, N: Y. (New (Cen, St.) 

(Fla.) : Eng.) Schlickenrieder, Warren, Grad. Stud., 
ey St. Louis Co. Health Dept., Clayton, | Sawyer, William, Opr., Sew. Tr. Plt., N. Y. Univ., 2042 Blackrock Ave., 
bs Mo. (Mo.) 2605 N. Virginia Circle, Phoenix, | _— New York 6l, N. Y. 

St. Louis Pub. Lib., Olive, 13th & Ariz. (Ariz.) } (N.Y. 
14th Sts., St. Louis 3, Mo. (Mo.) | Saxton, John B., San. Engr., Mich. | Scitiadans W. A., Chief Chem., Ky. 

Salam, A., Directorate of Pub. Stream Control Comm., 413 Mon- Div. of Game & Fish, State Office 
Health Eng., P. O. & Dist. Dacca, roe, Blissfield, Mich. (Mich.) j Bidg., Frankfort, Ky. (Ky.-Tenn.) 
Eastern Pakistan, India (Can.) Se a E. P., Civ. Engr., 604 Ster- | Schliekelman, R. J., Asst. Engr., 

, Salvato, J. A., Jr., Dist. San. Engr., | ling Ct., Nashville, Tenn. (Ga.) | Dept. of Pub. Health, Capitol 

State Dept. of Health, 35 Market Scanlan, Edward J., Sales Maer., Bldg., Des Moines 19, la. (la.) 

St., Poughkeepsie, N. Y. (N.Y.) James W. Bell Co., 129 19th St., Schlueter, William H., Opr., Sew. 

Salvatorelli, Jos. J., Draftsman, Al- N. E., Cedar Rapids, la. (Ia.) Tr. Pit., 120 N. Washington St., 
bright & Friel, Inc., 1829 S. 12th Scanlon, Arthur J., Civ. Engr., City Watertown, Wis. (Cen. St.) 

St., Philadelphia 48, Pa. (Pa.) Dept. of Pub. 7 = Grand | Schmickle, Robert D., Hyd. Engr. 

Sammis, L. A., Plt. Opr., Pilgrim Concourse, New York 58, N. Y. U. §. Geol. Survey, 508 Hydraulics 
State Hospital, Dept. of Mental (N.Y.) Bidg., Iowa City, Ia. (Ia.) 
Hygiene, P. O. Box 96, E. North-  Scarpelli, Arthur T., Engr., Rial T. | Schmidt, L. A., Jr., Engr., Chattan- 

; port, L. I., N. ¥. (N.Y.) Parrish, 945 U. B. Bldg., Dayton, | ooga Bank  Bldg., Chattanooga, 

- Sammons, Gordon, City Engr., City Ohio (Ohio) Tenn. (Ky.-Tenn.) 

: Blidg., Moundsville, W. Va. (W. | Schad, Fred, 8424 118 St., Richmond | Schmidt, Lawrence A., Stud., Man- 

Va.) | Hill 18, N. Y. (Pa | hattan College, 110 View 
- Samples, J. A., Chief Chem., Weirton | Schade, W. F., Cons. | New Yor 6, 

Steel Co., 3637 Collins Way, Weir- | F. MacDowell, 1850 Colonnade | Schmit, J. M., City Engr. City Hall, 

ton, W. Va. (W. Va.) Rd., Cleveland, Ohio (Ohio) Lewiston, Mont. (Mont.) 
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‘ 
4 


444 


Schneider, Ruben, Asst. 
Chief Chem., Gen. 
2601 Newhall St., 
19, Calif. (Calif.) 

Schneider, Warren A., Waste Disp. 
Engr., Bur. of San. & Maint., Rm 
7 City Hall, Los Angeles 12, 

Calif. (Calif.) 

Sc Fr., 
buhlstrasse 
(Swiss) 

Schoel, Leon L., Engr., Leon Schoel 

Assocs., Spencer, Ia. (Ia.) 

Schoen, Daniel, Asst. Pit. Opr., 
Southside Ave., Freeport, N 
(N.Y.) 

Schoenfeldt, 
Sew. Dist., 
N. Y. (N 

Schoepfle, O. F., Filt. Engr., Wat 
Filt. Pit., 908 Vine St., Sandusky, 
Ohio (Ohio) 

Schofield, John D., 
West Acres, Morrisville, 

Schouten, Ernest W., Engr., 
& Tiernan Co., 1328 N 
Oklahoma City, Okla. (Okla.) 
Schreiner, W. R., Dist. San 
State Dept. of Health, c/o 
Burke Diefendorf, 412 
Bldg., Glens Falls, N. Y 

Schrewe, Erwin W., Civ 
Dept. Wat. Supply, : 
Box 186, Katonah, N. Y. 
Schriner, P. J., City Engr., 382 S. 
Lincoln, Kankakee, Ill. (Cen. St.) 

Schroeder, Arthur W., Chem., Sew. 
Tr. Pit., 720 Augusta Ave., Elgin 
Ill. (Cen 

Schroeder, 


Brewmaster- , 
Brewing Co., | 
San Francisco 


Imbis- 
Switz 


State Engr., 
50, Zurich, 


461 


Ralph A., Pit 
6 Maple Ave., Ripley, 
Y.) 


III, Sales 
Pa. (N.J.) 

Ww alla 
W. 23rd 


Engr 


Engr., 


City 
Gas 


Elec., 
(N.Y.) 


Sales Mer., Vik 
Ltd., 200 


onto, Ont Can 


Voc. 
Falls, 


Schroeder, Marvin H., Ore 
School, Box 1049, Klamath 
Ore. (Pac ..W.) 

Engr., 

Amer. 
(Pac. 


Schroeder, Ted. E., Sales 
Peerless Pump Div., 518 
Bank Bldg., Portland, Ore. 
N.W.) 

San 
123 
Minne apolis 14, 


« “en st.) 

Schulhoff, Henry B., San. Engr 
Army Engrs., 268 Handy St., 
Brunswick, N. J. (N.Y.) 

Irving, 120 Kings Rd., 

Ore. (Pac. N.W.) 

Ray W., San. Engr., Chem 

& Armour Lab., 1425 W. 42nd 

Chicago 9, Ill. (Cen. St.) 

S hwald, Carl F., Asst. Pit. Opr., 
714 Stolp Ave., Syracuse, N. Y. 
N.Y.) 

Schwartz, Charles F., Supt., 
Pit., 413 N. Main St., 

Schwartz, H. L., Pa. Dist. Rep., 
Amer. Well Wks., Inc., 807 Com- 
mercial Trust Bidg., Philadelphia 
2, Pa. (Pa.) 


Minn 
ist 
"New 
Schultz, Cor- 
vallis, 
Schultz 
es 


Sew. Tr 


Minoa, N. 


Schweiterman, 
‘r. Wks., 


Ernest T., Supt., Sew 
Coldwater, Ohio (Ohio) 
Schwob, Carl E., San. Engr. Dir., | 
USPHS, 4409 Elm S&t., 
Chase, Md. (Fed.) 
Sciver, A., Chem., 
London, S. W. 1, Eng. (ISE) 
Scott, G. R., San. Engr., Black & 
Veatch, Cons. Engrs., 4706 Broad- 
way, Kansas City, Mo. (Mo.) 
Scott, J. Russell, Town Engr., 
Colborne, Ont., Can. (Can.) 


28 Victoria St., 


Chevy | 


Port | 


SEWAGE WORKS JOURNAT 


Scott, L. HL, 
1221 
(Fla.) 

Scott, R. A., Hidalgo 
Unit, Edinburg, Tex. 

Scott, Ralph, Engr., 
Health, 619 Eugenia Ave., 
son 5, Wis. (Cen. St.) 

Scott, Roger J., 3522 Jack 
Chicago 24, Ill. (Cen. St.) 

Scott, Rossiter S., Dist. Mgr., 
Mfg. Div., 23 East Eager St., 
timore 2, Md. (N. Y. & N 

Scott, W. M., Chr. of 
Greater Winnipeg San 
King St., Winni 
Can. (Can.) 

Scott, W. R., Supt., Wat. Wks., West 
Point Mfg. Co., West Point, Ga 
(Ga.) 

Scott, W aldo L.., 
Co Inc., 

(S. Dak.) 
, Walt er M 


Infilco, 
Orlando, 


Inc., 
Fla 


Engr., 
Bryn Mawr, 


Co. Health 
(Tex.) 

State Bd. of 
Madi 


son Blvd 


Dresser 


Dist., 185 
Manitoba 


peg, 


Cons. Engr., Scott 
Watertown, S 


West 
146 


San. Engr., 
Health Dept., 

Scarsdale, N 
Scott, W San 

Health, 
Hartford, 


irren J., Dir sur 
4 f Pub 
Rd., W 
. (New Eng.) 
Scovill, J J R., Opr., Sew 
138 ke Ave., Pear 
Y 
Scudder, A. P., Chem., Sew. Tr 
80 Faun n St., Rockville 
\ ) 
Searight, George 
Carlisle, Pa 
Searls, Glenn, 
Pine Grove 

Sears, Dow I., Boro 
Bidg., Pottstown, 
Sears, Walton H., 
Pleasant St., 
(New Eng.) 
Seaver, 

Addition, R. R. No. 4, North Kan- 
sas City, or ( Mo.) 
Seckels, L. J Engr., 
1 


re; 
River, N 


Pit 
Centre 
Parker St 
Sew. Tr. Pit., 
Rochester, N 
Mgr., 
Pa. (Pa.) 
Cons. Engr., 160 
Arlington, Mass 


Borough 


Cons., Oakwood 


Fed. Wks 
52 Northvale Rd., Lo 
f (Fed.) 

Mer., Eugene, 


Agency, 10 
Angeles, ( 
Seeger, Deane, City 
Ore. (Pac. N.Y.) 
Seeger, John C., Jr., La. Poly 
Ruston, La. (Fla.) 
Seelye, J. C., City Engr., 
Pueblo, Colo. (Rocky 
Segel, A., Deputy Cc 
Wks 
Calif. 
Seid, Sol., Su; 10 
New Brunswic k, N. J. 
Seidel, Harris F., Pfeifer & Shultz, 
ongrs., 2124 Como Ave., Apt. 302, 
St. Paul 8, Minn. (Cen. § 
Seidel, R. David, Cons. Engr., 
G. Browne & Assocs., 
Marion, Ohio (Ohio) 
Seifert, William P., 
Buck, Seifert & Jost, 
Ave., Tuckahoe, N. Y. 
Seitel, G. C., Supt., Serv. 
City Hall, Chino, Calif. 
Seliner, E. P., Assoc 
Eng., Univ. of Okla., 
Okla. (Okla.) 

Seltzer, J. M., Chem., Elkins Tan- 
nery, Elkins, W. Va. (W. Va.) 
Senf, Harold E., Field Engr., Port- 
land Cement Assn., 105 Liberty 
St., Mt. Pleasant, W. Va. (W 

Va.) 


Inst., 


City Hall, 
Mtn.) 

of Pub 
Fresno 


mm 
Fresno St., 
wr Suydam St 


(N.J.) 


Cons. Engr., 
sig? Highview 
N.Y. 


De 
(Calif. 
Prof., San 
Norman, 


| Shaw, 


March, 1949 


Senseman, William B., Mgr., Com- 
bustion’ Eng. Co., 406 S. 
Los Angeles, Calif. (Calif.) 

Sepulveda, Andres Lasaga, c/o M. 
de la Garza, 1719 Mercerd 
Laredo, Tex. (Tex.) 

Servis, L. W., Servis & Van Doren, 
Cons. Engrs., Hays, Kan. (Kan.) 

Setter, R., 512 All Rd, 
Knoxville, Tenn. (N.Y 

Settle, J , Cons Am: 
Settle, Pres.. Box 1047, Charles 
ton, W. Va. (Corp., W. Va.) 

Joseph E., Jr., Asst. Engr.. 
J. E. Settle, Cons. Engrs., 808 
Middle Rd., Charleston, W. Va. 
(W. Va.) 

Settle, Lester L., Asst. San 
Okla. Dept f Health, 
Eastern, Oklahoma City 
(Okla. ) 

Setzer, J. Wilson, Chem., Wat. & 
Sew. Dept., Gastonia, N. C. (N.C.) 

Severence, E. S., City Engr., Brem- 
erton, Wash. (Pac. N. W.) 

A., Se 
Dept., U 
Newport, 

Sewer Sec., Dept 
Taylor, Libr 
(Can.) 

Seybold, W. E., Field Engr 
] w Meters Co., 

Bidg., 
Va.) 
Herman,  Pres., 

15 Exchange 
, N. J. (Assoc.) 

Shadix, Carl N., USPHS, 
Geneva, Neb. (Fed.) 

Shahame, D. B., Eng. 
of », School 
Bidg., Tor % Ont., Can. (Can.) 

Shank, ‘John Dir., Wayne Labs 
17 E Manic St., Waynesboro, Pa 
(Pa.) 

Shannon, R Cc 
Brighton, Mich (Mich 
Maurice A., 

3erkeley 9, Calif. (Calif.) 

Shapiro, Robert, Chem., Sew. 
Pit., 159 07 14th Ave., 
hurst, L. I., N. Y. (N.Y.) 

Shard, R. H.. Supt., Shirley 
Wks., Millbrook Point, 
ampton, Eng. (ISP 

Sharp, G. W., Sec.-Treas., Carroll 
Sharp Const., Ltd., 43 Scott St., 
Toronto, Ont., Can. (Can.) 

Sr. San. Engr., Dept. 
} ‘Health & Welf., Box 
296, St. John, N. B., Can. (Can.) 
— R. H., 65 Bath St., Glasgow, 
2, Scotland (ISP) 
Sean W. K., Dir., Div. 
Eng., Dept. of Health 
Charlottetown, P. E. 

(Can.) 

Sharts, P. E., 
Ridgewood, N. 
Shaw, Arthur L., Cons. Engr., Met- 
calf & Eddy, 1300 Statler Bldg., 
Boston 16, Mass. (New Eng.) 
Shaw, Frank R., San. Engr. Dir., 
USPHS, 605 Volunteer Bldg., At- 

lanta, Ga. (Fed.) 

Morton, Opr., Sew. Tr. 
Marion, Ind. (Cen. St.) 
Chief Chem., Ter- 

Foods, Ltd., 241 
Fi. h “Wharf, Terminal Is., 
Calif. (Calif.) 

Shea, Walter J., San. Engr., State 
Dept. of Health, 327 State Office 
Bldg., Providence, R. I. (New 
Eng.) 


F. 
St., 


Engr., 
3400 N. 
5, Okla 


Engr., Pub. 
Naval Training 
W: ash. (Pac. N. W.) 
of Wks., Att: Mr. 
Toronto, Ont., Can. 


Repub- 
1105 Invest 
Pittsburgh 22, Pa 


Cloroben 
Pl., Jersey 
Box 72, 
Stud., 
of 


Univ. 
Hygiene 


Clerk, 


Shapiro, 
St., 


13 332 Oxford 


Beech- 


Sew. 
South 


of San. 
& Welf., 
I an. 


Orchard PI., 
N.J.) 


Pit., 


3 

be ta ( 

Bay St, Tos 

(Can.) 

: 

+ 

: 
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Sheaffer, G. Edgar, — on, ae Shockley, C. A., Cons. Engr., Shock- | Simpson, James R., Asst. San. Engr. 
wood Steam Sta., Wat. & ley Eng. Co., 203 Reliance Bidg., Gilbert “Assoc., Inc., 412 Washing. 
Power Co., Holesood. Pa. (Pa.) | Kansas City, Mo. (Mo.) ton St., Reading, Pa. (Pa.; Dual 

Shearer, A. B., Supt., Sew. Tr. Pit., Shockley, Homer G., San. Engr., | Va.) 

‘ 11 Library Pl., San waren 549 naan 'Rd., Reading, Simpson, Mueller Co., 512 
Calif. (Calif.) Pa. (N.Y.) | West "Gonds St., Decatur, 

Shearer, David H., Dist. Megr., oe | Shoebotham, T. B., Cons. Engr., | Ill. (Assoc.) 

Div., Nat'l. Gypsum Co., | Benham Eng. Co., 3612 N. W. | Simpson, John N., Engr., G. G. 
Sixth St., W., Radford, Va. wes | 27th St., Oklahoma City 7, Okla Reid, 264 Avenue Rd., Toronto, 

Sheen, Robert T., Cons. En 1300 | _ (Okla.) rs a _ Ont., Can. (Can.) 

E. Mermaid Ave., Philade vitia 18, | Shook, C. E., Engr., Wiedman & Sin- | Simpson, Rolland W., San. Engr., 
Pa. (Pa.) gleton, 1380 Blvd., N. E., Atlanta, | Gilbert Assocs. Inc., 412 Washing- 

Sheets, F. T., Engr., Southwestern Ga. (Ga.) = _ Reading, Pa. (Pa.; Dual 
Portland Cement Co., Osborn, | Shook, H. E., Salesman, Dow Chem —N.Y. & Va.) 

Ohio (Ohio) | Co., 10th Floor, St. Simpson, P., Civ. 

Sheets, W. D., San. Engr., Burgess San Francisco 4, Calif. (Calif.) Gannett, Fleming, Corddry Car 
'& Niple, $7’ Orchard Dr, Worth- | Shook, R. H., Asst. Sales Mar., enter, 600 N. 2nd St., Harris- 
ington, Ohio (Ohio) Sew. Pipe Co., 320 Bay — 

Shephard, W. F., San. Engr., Bur. of St., Toronto, Ont., Can. (Can.) Sims earlin L., Asst. Pit. Supt, 
oo. Mich.’ Dept. of Health, | Short, Guy S., City Engr., Idabel, oe Inc., Nitro, W. Va 
Lansing 4, Mich, (Mich.) Okla. (Okla.) 

Shepperd, Frederick, Ed., Mun. San., | Showalter, Charles M., Steward, a > P., Box 94, Woodville, Tex 
24 W. 40th St., New York, N. Y: Laurelton, Pa. (Pa.) _(Tex.) 

(N. Eng.) Showell, E. B., Wat. & Was. Cons., Sindt, H., Engr. Fed. Wks 

Shera, Brian L., Serv. Engr. Pa.|  E. I. du Pont de Nemours & Co., | Agency, 2020 Pembroke St., Ft. 
Salt Mig, Co., Tacoma, Wash. | Inc., Wilmington, Del. (Va.) _W yorth, Tex. (Fed.) : 
(Pac. N. W.) | ay Edward, Chem., Filter Pit., Singer, Oscar C., Dist. Engr., Ohio 

Sherard, Ray L., Supt., Wat. Dept., | & Opr., Sew. Pit., Fairmont Wat ye of Health, 902 Adams St., 
Box 257, Cheyenne, Wyo. (Rocky | Dept... City Bldg., Fairmont, W edo 2, Ohio (Ohio) 

Mtn.) | Va Va.) T., 
Sheridan, Vincent J., Vice-Pres., | Shupe, S., City Engr., City Hall, iedeman Singleton Engrs., 
Sheridan Equip. Co., Ltd. 33 ! Kitchener, Ont., Can. (Can.) a O. Box 1878, Atlanta 3, Ga. 
Laird Dr., Leaside, Ont., Can. | Sickel, A. A., Sales Engr., Layne By a.) ¥ ; 
(Can.) | Atlantic P. O. Box 356, Al- | Sisler, H. H., Cons. Engr., 221 First 
Sherman, Leslie K., Sr. San. Ener. | bany, Ga. (Ga.) ; a Wash. (Pac. N. W.) 
State Dept. of Health, 87 Welles Si = Ss Sitler, 7. S. San. Engr., 15 N. 
Dr., Newington, Conn, (New | Pl Highland, Arlington, Va. (Pa 

Eng.) N. Y. (N Dual—Fed.) 

Sherratt, Gayle F., Dist. Mgr., Chain | Sidle, R. S., 117 Fete R., Nor- | Sivyer, William, Branch Mar., Chain 
Belt Co., 614 Grant Bldg., Pitts bury, London, Ss. W. 16. Eng Belt Co., 5375 Lancaster Ave., | 
burgh 19, Pa. (Pa.) | (ISP) Philadelphia 31, Pa. (Pa.) | 

Sherril, Miles O., Des. Engr., Mi- | Sieber, John D., Civ. Engr., Albright | Skelly, W. H.. Mayor, Preston, Ont., 
chael Baker, Jr., Rochester, Pa. | & Friel, Inc., 8420 Ardleigh St., | Can. (Can.) 

(Pa.) | Philadelphia i8, Pa. (Pa.) Skinker, -" R., Acting Supt., Pal- 

Shertzer, J. H., City Engr., Lancas- | Siebert, Christian L., Cons. San. merton, Pa. (Pa.) 
yng | Engr., 222 Willow Ave., Camp | Skinner, J. F., Cons. Engr., 1610 

She e 1, Nial, Cons. Engr 19 | Hill, Pa. (Pa.) Idlewood Rd., — 2,” Calif. 
Liberty, y. | Siebert, Christian L., Asst. (N.Y.; Dual-Calif. 

(NY.) in is Chem. Engr., Pa. Dept. of Health Skinner, Kenneth L., ‘en Head- 
| Bur. of Eng., Harrisburg, Pa. man, Ferguson & Carollo, 33038 

Sherwood, W Co., | (Pa.) N. Third St., Phoenix, Ariz 
Corner of E and Second Sts., | Sievers, Fred W., Supt., Sew. Tr. | (Ariz.) 

South Boston 27, Mass. (Assoc.) Pit., 302 Washington, Hudson, | Sklarevsky, Rimma, Opr., Back 

Shewbridge, W. H., Asst. Engr., Mich. ( Mich.) River Sew. Tr. Pit., Baltimore 24, 
Bur. of San. Eng., State Dept. | signor, C. V., Wat. Supt., Grants Md. (Md.-Del.) 
of Health, Richmond, Va. (Va.) Pass, Ore. (Pac. N. W.) Skorczeski, L. F., Supt., Sew. Tr 

Shields, James L., Civ. Engr., Tex- | Sigworth, E. A., Chem. & Tech. | Pit. Marshalltown, la. (Ia.) 
tile Machine Wks., P. O. Box Ind. Chem. Sales Div., 927 Com- | Sleath, Aubrey B., Box 533N, Ni- 
1382, Reading, Pa. (Pa.) monwealth Dr., Apt. 3, Teaneck, antic, Conn. (New Eng.) 

Shiffer, Russell R., Supt., Pub. Wks., N. J. (N.Y.) Slee, Angus E., City Engr. City 
313 Wallace St., Stroudsburg, Pa. | Silberbauer, Walter R., Insp., Camp- Hall, Longmont, Colo. (Rocky 
(Pa.) | bell San. Dist., Box 614, Camp- | Mtn.) 

| 
a Shikles, J. W. & Co., Cons. Engrs., | bell, Calif. (Calif.) Sloan, Garrett, San. Engr., Whiman, 
ac 505 Reliance Blidg., Kansas City, | Simmerman, John H., Supt., Wat. & Requardt & Assoc., 1106 Ramble- 
Mo. (Mo.) Sew., 215 Wildwood Ave., Pitman, wood Rd., Baltimore 12, Md. 

Shilling, iaVern G., Opr., Sew. Tr. | N. J. (WJ) | (Md.-Del.; Dual—Pa.) 

Pit., Naval Ammunition & Net | Simmonds, I. G., Asst. Chem. Engr., | Slocum, Adelbert I., Sta. Engr., Cit 

Depot, 1112 Seal Way, Seal Beach, | Ont. Dept. of Health, 807 Rich- Dept. of Public Wks., 515 Bea 

Calif. (Calif.) mond St., W., Toronto 3, Ont., 68th St., Arverne, N. Y. (N.Y.) 
, Shillinger, William D., San. Engr., Can. (Can.) Slough, John, Opr., Sew. Tr. Pit., 

Ind. Bd. of Health, Northwestern | Simmons, Paul D., Chem., Weirton 55 S. Highland Ave., Wellsville, 

Branch Off., 55 S. Franklin St., | Steel Co., Weirton, W. Va. (W. N. Y. (N.Y.) 

Valparaiso, Ind. (Cen. St.) Va.) 


Smail, Richard F., Sales Engr., 
Shinton, R. H., Civ. & Mining | Simon, Samuel S., Mech. Engr., City | Dravo Corp., 4810 Prospect Ave., 
Engr., 106 Mog Bertsch St., Lans- Dept. of Pub. Wks., 125 Worth Cleveland, Ohio (Ohio) 


ford, Pa. (Pa.) ey Rm. 816, New York, N. Y. | onan Harry, Asst. Plt. Opr., Sew. 
Shirck, Elmer D., Pub. Health Engr., (N.Y.) i na = an Ave., Glen 

Rm. 4128, Fed. Sec. Bldg., S., | Simon, Sheldon A., Supt.. Sew. Tr. Cove, N. Y. 

Washington 25, D. C. (Fed.) Wks., Lancaster, Pa. (Pa a Smallwood, pd a Stud., Har- 
Shivers, As ws H., The Ballinger | Simone, Peter, Pres., Weston Const. vard Univ., 73 Jarvis + 

Co., 105 S. 12th St., Philadelphia, Co., 11 King St., W., Toronto, bridge 38, “Mass. (Mich.) 

Pa. (Pa) Ont., Can. (Can.) 


| Smart, R. L., Jr., Sales Engr., 

Shoaff, Ralph, r., Sew. Tr. Pit., | Simonton, Lewis R., Supt. of Filt., Mathieson Alkali Wks., Libert: 
r., Colton, Calif. Wat. Wks., Griffin, Ga. Bldg., Charlotte, N. C. cw. 
(Cali a. a.) 
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Smith, A. H., Cons. Engr., A. H 
Smith & Co., 2205 Ashland Ave., 
Toledo 10, Ohio (Ohio) 

Smith, Allen C., 413 Granville St., 
Vancouver, B. C Can. (Pa 
W.) 


Smith, 
Benjamin .L 
1008, 11 N 
N. ¥.. GLY.) 

Smith, Bernard F., 
Waynesboro, Pa 

Smith, C. A., Cons 
McDonnell ig. Co., Box 7-88, 
Kansas City 2, Mo. (Calif.) 
nith, Campbell T., Co 
Court House, Kingston, Ont., 
(Can.) 
mith, Carlos 
Gonzales, Tex 

Casper R 

Federal 


Benjamin L., Cons. Engr., 
Smith & Assoc., Rm 
Pearl St., Albany, 
Borough Engr., 
(Pa.) 
Engr., Burns & 


Engr., 
Can 


Mer., 
(Tex.) 

Engr., Fed. 
Office 


City Util 


Wks 
Bidg., 


mith, 
Agency, 403 
Omaha, Neb. (Fed.) 
mith, Cecil R., Chief r 
Rayon Corp., Covington, Va. 
David B., Dept. of Civ 

of Fla., Gainesville 


Ind 
(Va.) 


Chem., 


mith, 
L 


mith, E. A., Cappelen 
way, New York, N. \ 
mith, E. E 
Sew., City 
St., Lima, 
mith, E. E., 
Sault Ste 
(Can.) 

Smith, Edward 
Fit., Weston 
Falls, N. Y. (N.Y 

Smith, Emmest t 
Eastman Kodak Co., 
well Rd., Rochester 
(N.Y.) 


, Gen. S$ 
Bldg., 219 
Ohio (Ohio) 
City Engr., City Hall 
Marie, Ont., Can 


Market 


pt., Sew. Tr 


“Ave Niagara 


Boonevill 

Booneville 
Amer. Brass Co 
n. (Assoc.) 


rurbine Equ 


h J 
St., New York 6, 


1 Frank ] 

75 West St 

mith, F. L., Wks 

St., Merritton, Ont., Can. 

ith, H. G., Engr. of 

8 City _— Los 

Calif. (Cali 

S., San. 

‘o., Centra 

atine, Ia 


Harold, 
N 


Thomas 
(Can.) 
Sew. Des., 


Angeles 12, 


Supt., 14 


Engr., 
State 
(la.) 

Sew Ir 


Rd., 


Bank 


Pit., 
Rock 


Opr., 
Beach 


Centre, N Y. (N.Y.) 
Harold L 


Supt., Sew. Tr 


Center, Alma, Mich 

Harry D., Supt., 

Bidg., Olean, 

Harvey 

Mosc (Pa N.W.) 
Sales Mgr., Great West 
Dow Cher 


Committee, 18 
Catharines, Ont., 


Smith, John P., 
weld Steel 
(Pa.) 


Chief Engr., 


Co., Glassport, 


Stanley 


Dept., 


Copper- 
Pa. 


SEWAGE WORKS JOURNAT. 


of Health, 
Minneapolis 


Smith, L. H., State Bd 
University Campus, 
14, Minn. (Cen. St.) 

Smith, Marvin I San 
comb Co. Health Dept., 
opthorpe St., Bethlehem, 
Dual—Mich.) 

Smith, Meloy, Cons. Engr 
Fitzpatrick, 43 E. Main St., 
chester 4, N. Y. (N. Y.) 

Smith, Morris B.. San 
FSWA, 1975 Gerritsen Ave., 
lyn, N. Y. (N.Y.) 

- Smath, Paul L., Opr 
5404 Tramore Rd 
Md. (Md.-Del.) 

Smith, R. Passaic 
Comm., Belleville 
Ridge, N. J. (N.J.) 

Smith, R. E., Disp. Plt. Opr., 
Ga. (Ga.) 

Smith, R. L., Cons 
Wellesley Ave., St. P 
(Cen. St.) 

Smith, R 


Palmer, 


Engr., Ma 
513 Bish 
Pa. (Pa.; 


, Smith & 
Ro 


Chem., 
Brook- 


Sew. Tr. Pit., 
Baltimore 14, 


Sew. 
Glen 


Valley 
Ave., 


Tifton, 


2083 
Minn 


Engr., 
aul 5, 
Supt., 217, 
Tex 

Engr., 
Corp.. 
Port 


Sales 
rnan Sales 
Sales Bldg 
(Pac. N. W.) 

, Wauwatosa 13, Wis. (Cen 


545 
Mich. 


Engr 
Lansing, 


Smith, Russell H.,  Mfgrs Agent. 
Russell H. Smith Equip. Co 0 
Arden Rd., Columbus, Ohi (Ohio) 

Russell S., Pub. Health Engr., 

Kroger Bldg., 7th & Wal 

Cincinnati 2, Ohio (Fed.) 

Smith, S. H., Supt., Bd. of Pub 
Wks., City Bldg., South Haven, 
Mich. (Mich.) 

Smith, W., 63 Kingsfield Oval, 
ford, Stoke-on-Trent, Staffs 
(ISP) 

Smith, W 
Cottages, 
Hertfordshire, 

Smith Austin, Sr 
Smith & Gillespie, Cons ng 

. Box 1048, Jacksonville, 


Smith, 
USPHS, 


nut ots., 


Bar- 
Eng 


Berrygrove 
poo Watford, 
Eng. (ISP) 


Partner, 


Smith, W. C., 
Gunter St., 
(Ark.) 

Smith, W. Hill, Treas., Southern 
Elec. Serv. Co., 714 W. Trade St., 
Charlotte 1, N. C. (N.C.) 

Smith, Walter E., Dist. Mer., 
lace & Tiernan Co., Inc., 
Brainard Detroit, 

( Mich.) 

Smith, Wendell H., Cons.  Engr., 
Preston, Idaho (Pac. N. W,) 
Smith, Willard W., Supt., V 
141 Kennard Ave., Barnesville, 

Ohio (Ohio) 

Smith, William H., San 
Health Dept., State 
Springfield, Ill. (Cen. St.) 

Smithson, Thomas, Cons. & Des 

J. Ernest Nelson, Cons 
2, Box 564, Beaverton 
N. W.) 
John P., San. Engr., Okla 
2 "Dept. of Health, 3400 North 
tern, Oklahoma City 5, Okla 
Okla ) 
Russell G., Phys 
, Kroger Bldg., 
nut Sts., Cincinnati 2, 

Snear, Earl F., Supt., 

Pa. (Pa.) 


Cons. Engr., 


514 
Fayetteville, r 


Wal 
415 
Mich. 


State 


Bidg., 


Engr., 
Capitol 


Sci. Aide, 
7th & Wal- 
Ohio (Ohio) 


Sew. Media, 


| 
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Snedeker, L. LeVern, City 
150 S. McKenzie St., 
Mich. (Mich) 

Snell, Major J. R., c/o Mrs 
Snell, 364 Lebanon St., 
Mass. (New Eng.) 

Snelsire, Dist Mgr., 
Pa. Salt Mfg. Co., $582 Union 
Trust Bldg. Pittsburgh 19, Pa 
(Pa.) 

Snider, L. N., 
Bud, Ill. (Cen 
Snook, W. F. A., 
Rainham Rd., 
Eng. (ISP) 
Snow, Donald L 
USPHS, 2013 
Cleveland 9, Ohio 

Fed.) 

Ernest A., Jr., 

Fernald 
(New Eng.) 

Willis J.. State 

Office Bldg., 

Eng.) 

Snyder, John Jr., 
Disp. Pit., 
Fresno 2, Calif 

Snyder, M. K., C 
Wash. (Pac. N 

Snyder, N. S., Sales Engr 
Co., 688 Ellicott Sq 
falo 3, N. Y¥. (N.Y.) 

Snyder, R. F., Supt., Sew. Tr 
1717 Milton Ave., N. I 
lon, Ohio (Ohio) 

Snyder, Raymond H., 
W. Ninth St., Erie, Pa. (Pa.) 

Soden, William W., Engr. in Chg 
of Ind Was., 1608 Walnut St 
Philadelphia 3, Pa. (Pa.) 

Solander, Arvo A., Cons. Engr., Tighe 
& Bond, 189 High St., Holyoke, 
Mass. (New Eng.) 

Solvay Sales Div., 
Dye Corp., Tech 
man C. Weil, 
(Corp., N.Y.) 
Verne, Supt., 

Third St., 


Chem., 
Adrian, 


J. R 


Melrose, 


Sales 


Supt 
St.) 


Util., Red 


Bretons 
Rainham, 


Farm 


Essex, 


san 
Mayview 
(Cen. St.; 


Engr., 
Ave 

Dua 

Snow, Univ 


Amherst 


Chem., 

f ass., Hall, 
Mass 

Snow, 
State 


(New 


Wat. Comm 
Hartford, Conn 


Sew 


Ave 


Opr., 
Nevada 
(Calif.) 


3350. 
Engr., Sequim 
) 


Link Be 
Bldg. Bi if 


Wks., 
M 


Engr., 1809 


Allied Chem. & 
Serv., Att: Nor 
Syracuse 1, N. Y 


Pit., 
Point 


Sew. Tr. 
Stevens 


Sew 


Tana 


verett L., Opr., 
r. Pit., 133 St., 
wanda, N. Y. (N.Y.) 
Sorbel, J. L., Dist 
Bd. of Health, 
Health Unit, 
(S. Dak.) 
Joe, Box 
Tex. (Tex.) 
Sotter, Ralph R., 
Richmond Sunset Sew. 
4545 Lincoln Way, San Francisco 
22, Calif. (Calif.) 
Ralph M., State Dept. of 
Health, State House, 
Boston 33, Mass. (New Eng.) 
Sours, W. B., Engr., Sours Engrs., 
Chatham, (Va.) 
Southam, F Supt., Sew 
Randall “Leatherhe ad, 
Eng. (ISP) 
Sowdon, William K., Wm 
don Co., 342 Madison 
York, MN. ¥. 


spacey, 


San. Engr., State 
Pennington Co 
Rapid City, S. Dak 
Sorrels, 


$657, College Sta., 


Chief Opr. Engr., 
ar. 


Soule, 


Pub 


Wks., 


Surrey, 


K Sow - 
Ave., New 


pacey, T.. Supt., Sew. 
penden, Hertfordshire, Eng. (ISP) 

Spaeder, Harold J., The Dorr Co. 
Rm. 510, 800 Peachtree St., N. F 
Atlanta 3, Ga. (Cen. St.) 

Spaeth, Julius, Opr., 
821 Sheridan, Salina, Kan. (Kan.) 

Sparks, George H., Supt., Light & 
Water Dept., 209 W. Forrest, East 
Point, Ga. (Ga.) 


Wks., Har 


Sew. Disp. Pit., 


= 
Eng., 
Fla Smith, 
Waila 
120 Broad- 907, 
N.Y.) land 
a 7th St 
St.) 
Smith, Robt. J., C 
Elizabeth St., E | 
(Mich 
Civ. Engr., 
119 Chad 
ai, Smith, F. D Wat. 
Co Box Ark. 
(Ark 
ee Smith, F. G Wa i 
terbury, ( 
4 — 
: 
Smitk 
143 
ville 
Smith, 
Pit 
M 
Sinith 
City 
Smith 
Smith 
ern 
Floor, 31 san Fran 
cisco 4, Calif. (Calif.) 
Smith, J. Irwin, Opr., Sew. Tr. Plt., 
15031 Vine St., Harvey, Ill. (Cen 
St a e) 
Smith, John, Chr., Pub. Wks. & 
Properties 
Ave., St Can. 
(Can.) 


Vol. 2 


Hall, 
(Can.) 

Sparks, William A., Asst. Pit. Opr. 
parks, 
Sew. Tr. OR 


Pit., 22 2 Hoffman 


Newark, N. (N.Y.) 


Sparr, 


A. E., Sta. Engr., Bower 


Bay Sew. Tr. Wks., Berrian A 
& Steinway, Astoria, L. 
(N.Y.) 


Sew. 
N. 


Spec ht, 


J 


Sparrow, Willis M., Chief ope. 
Dept., Renton, Was ad 
Vv.) 
E.. Supt. of Util., 
ville, Ohio (Ohio) 


Speiden, H. W., Prof., Dept. of 
E 


ng.. 
WwW 


Spellman, 


Salisbury, 


Spence 


Hi 


USPHS, 


Cts., 


on, 


Mo. (Mo.) 


City 


Orr- 


Civ. 


W. Va. Univ., Morgantown, 
Va. (W. Va.) 


Elmer, Supt.. Wat. Wks 


ward W.,. San. Engr., 
Lee Highway & Goodwin 


Falls Church, Va. (Fed. 


) 


City of. c/o M. M 
) 


nnato, 


95, 


Sperling, 


E 
Richmond Heights 17, 


Box 470, Spencer, Ia. 


S. J.. Clerk 
Hearst, Ont., Can. (Can.) 


Box 


Imer J.. 1333 McCutch 


Mo. 


Ill 


ch.) 


Ill. 


eon, 
(Fla.) 

Sperry, John R., San. Engr., Walker 
Proc. Equip., Inc., Aurora, 
(Cen. St.) 

Sperry, Walter A.. Supt... Aurora 
San. Dist., P. O. Box 241, Aurora, 
Til. (Cen. St.) 

Spicer, C. H., Cons. Engr., 4 
Court St., Saginaw, Mich. (Mi 
Spiegel, Milton, Vice-Pres. & Gen. 
Mer., Chicago Pump Co., 2300 
Wolfram St., Chicago 18, 

(Assoc.; Cen. St.) 

Spieker, Roy G., Magr.. Scott Eng 
Co., Inc., 135 N. Phillips Ave., 
P. O. Box 756, Sioux Falls, § 
Dak. (S. Dak.) 


Spielvogel, 


maica Plain, Mass. (New Eng. 
Spies, Kenneth H., 


Chester R., Cons. Engr., 
2 Perkins Manor, Apt. 15, 


Ja- 
) 


Assoc. San. Engr.. 


State San. Authority, 1617 N. E. 
65th Ave., Portland 13, Ore. (Pac. 
N. W.) 
Spiess, Reinhold, Supt., Sew. Tr. Pit., 
Litchfield, Ill. (Cen. St.) 
Spindler, W. H., Pub. Mer., Armco 
Drain. Prod. Assn., Middletown, 


Ohio (Assoc.) 
Charles E.. Grad. Stud., 


Sponagle, 
Univ. 


of Minn., 244 E. Third 


Brooklyn, N. Y. (Cen. St.) 


St., 


ster, 


Spotts, Walter E.. Engr. & Surv., 
525 Elm St., Reading, Pa. (Pa.) 

Sprague, J. T., City Engr., Miami, 
Okla. (Okla.) 

Spriggs, W. R., Opr., Holmes Pump- 
ing Wheatley, Donca: 

Yorks., Eng. (ISP) 

Spurgeon, Opr., Sew. Tr. Pit., 
124 Cavin Ligonier, Ind. (Cen. 
St.) 

Squire, L. E., Asst. Tech. Dir., 


Standard Ultramarine Co., H 
ington, W. Va. (W. Va.) 


Stache, 


State 
Park, 

Staffelli, 
N. 


Bldg., 
Staley, 


Maier, 


unt- 


Paul, Pit. Opr., Kings Park 


Hospital. Box 339, Kings 


ouis, Mayor, Middlesex, 
J. (NJ 


Stalbird, 


L 


7. (2.53 


James A., Dist. San. Engr., 
State Dept. of Health, Paul Smith 
.(N 


Saranac Lake, N. 
H. 


H., Partner, Staley 


& 


Cons. Engrs., 3226 Mil- 
bern, Houston 4, Tex. (Kan.) 


Stalker, 


(New 


Stanley, 
Civ. 


Eng.) 
Stanton, 


Mtn.) 
Starling, 


Staton, 
Engr., 
(Ga.) 


Staven, 


Staynes, 


Mitchell 


Yorks., 
760 
Calif. 


Stealey, 
Bldg., 
Va.) 


Steeboer, 


Steck, Robert 
of 
myra, Pa. 

Stedwell, ae R., Asst. Plt. Opr., 
29 Midland 


W. D., 


Stanfield, H. O., 
332, Matador, Tex. (Tex.) 

Stankard, Martin F., Chem., Her- 
cules Powder Co., Mansfield, Mass 


Eng.) 


Megr., 


Coram., Simcoe, yo 
Stanbridge, H. H., 
ool 
(ISP 
Supt. 
Breywick ad, M 
Eng. (ISP) 


Alberta, Can. (Can.) 


William E., 


San. Eng., 
Tech., Cambridge 39, 


Charles C., 


Chain Belt Co., 5 


Starks, Lee W., Opr., Se 
Box 383, Casper, 


Charles H., 


Barnard & Burk, 
Baton Rouge, La. (Ark.) 
Fy 

Box 489, Gainesville, Ga. 


Staub, William S., Chi 
Va. W 


at. Serv. Co 


Bidg., Charleston, 
Va.) 

Stauff, Paul V., City 
Hotel, 


W. 


Pub. Util. 

Can, (Can. 
Sew. Wks., 
Eng. 


Sew. Whks., 


Wat. Supt., Box 


Stankewich, Michael J., Assoc. San. 


Engr., Erie Co. Health Dept., 74 
Woodell Ave., Buffalo 11, N. Y. 
(N.Y.) 

Stanley, C. M., Cons. Engr., Stan 
| ley Eng. Co., Box 807, Muscatine, 
| ta. (Ia.) 

Stanley, Don R., Prov. San. Engr., 

Dept. of Pub. Health, Edmonton, 


Prof., Dept 


Mass. Inst. of 


Mass. (New 


Sales Engr., 
375 Lancaster 


Ave., Philadelphia, Pa. (Pa.) 

Stapf, R. J., San. Engr., State Bd 
of Health, Pierre, S. Dak. (S 
Dak.) 

Stapley, Edward R., Acting Dean of 
Eng., Okla. A. & M. College, 27 
College Circle, Stillwater, Okla. 
(Okla.) 


w. Tr. Pit., 


Wyo. (Rocky 


San. Engr.. 
Cons. Engrs., 


Pub. Health 
ief Engr., W. 


814 Peoples 
ja. (W. 


Chem., Park 


Eveleth, Minn. (Cen. St.) 


| Staunton, Jack L., 
| W. Lieberman, Cons., 
St., New York 21, 


Julian, 
508, Rapid City, 
Dak.) 


E. 
Eng. 


arket 


”(Calif.) 


H. 


x. =., 


H., 
Laithes, 


E., 
Clarksburg, 


F.. 
102 W. 
a.) 


Cons. 


Opr., 
(ISP) 


St., S: 


Eng 


Ave., 


eral Office Bidg., 


(Pa.) 


Steeg, Henry B., 


Henr 


Assoc., Cons. Engrs., 


ket Bldg., 
| (Cen. St.) 


Steele, B. P., 
152) Market’ St., Pa 
(Assoc. ) 


San. Engr., M. 


28 E. 73rd 


N .Y. (N.Y.) 


Engr., Box 
S. Dak. 


Sew. Wks., 
Dewsbury, 


Stead, ‘a. Rm. 646 Phelan Bldg., 


an Francisco, 


City Engr., City 
W. Va. (W. 


r., Pa. Dept. 
Lincoln, Pal: 


Port Chester, 


Chief Field Engr., 
Crucible Steel Co. of Amer., Gen- 


Midland, Pa 


y B. Steeg & 
129 E. Mar- 


Pa. Salt Mfg. Co., 


terson, N. J 
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aidenhead, Berks., | 


St.. Rm. 821, New York, N. Y. 
(N.Y.) 

Steffes, Arnold M., Asst. Maint. 
Engr., 791 Lincoln Ave., St. Paul 
5, Minn. (Cen. St.) 

Stegeman, Paul, Supt., Sew. Tr. 
Pit., 1420 W. Main St., Midland, 

| Mich. (Mich.) 

| Steindorf, R. T., Sales Mgr., Con 
veyor & Process Equip.’ Div., 
Chain Belt Co.. 1600 W. Bruce 
St., Milwaukee 4, Wis. (Cen. St.) 

Steiner, Joseph, City Engr., City 
~ East Chicago, Ind. (Cen. 

Steiner, S. K.. Sales Engr., Chicago 
Pump Co., 79 Madison Ave., New 
York, N. Y. (N.Y 

Steinman, R. W., Supt., Wat. Dept., 
Box 383, Beggs, Okla. 
(Okla.) 

Stepanek, Charles H. B., 133-16 
35th Ave., Flushing, N. Y. (N.Y.) 

Stephen, Geo. Watson, San. Engr., 
Dept. Nat'l. Health & Welf., 9 


Indianapolis 4, Ind. | 


Lewis M., 


son & Co. 


Vice-Pres., 


Inc,, Res 


cago 9, Ill. (Cen. St.) 


Steffensen, S. W., 
Dept. of Pub. Wks., 


James St., St. 


Can. (Can.) 


Ww. 
Hailey & Co., ‘314 42nd Ave., N., 
Nashville, Tenn. 


| Stetien, Alfred J., San. 


(Ky.-Tenn.) 
Engr., 


Project Engr., 


Catharines, Ont., 


Stephens, Carroll, Sales Engr., 
rowhead Lime & Chem. 


Post St., San 
(Calif.) 


Stephenson, R. J., Engr., 
Wat. Wks.. P. 


liwack, B. C 


Stepleton, H. A., 


624, Spitzer 
(Ohio) 


Stepniak, Frank, Dealer in Livestock, 
Pa.) 


Hop Bottom, 
Stepp. 8. 


Co., 
Francisco 4, Calif. 


> Elk Creek 
O. Box 397, 
, Can. (Pac. 


Cons. Engr., 


N. 


Bldg., Toledo, 


Pa. 


Supt., City 
7.5 Box 364, Kermit, 


Sterling, Clarence I., Jr.. 


Inter-Amer. 


Stevens, Donald 
Field Train 


Co. Health Dept., Troy, 


(New Eng.) 
Stevens, Harry, 


= 
(Md.-Del.) 


Stevens, Roger W., Civ. Engr., 
& Engrs., 


White Point, 


Wat. 

Va. 

Inst. of 

Affairs, 499 Penn. 

Washington, D. C 

B., Stud, N. Y. 
Sta.. 


c/o Rensselaer 


R 


eonardtown, 


Toledo 9, Ohio (Ohio) 
Stevenson, Albert H.. P. 


A 
Ener. (R), USPHS, E. 


Kilgour Sts., 


Cincinnati 


(N.Y.; 


Stevenson, John 


713 Commercial 


Trust Bldg., Piltedeiphis 


(Pa.) 


Stevenson, Ralph A., Cons. 
Stevenson Chem. Co., 
bons St., Los Angeles 31, 


(Calif.) 


Stewart, A., Daldowie Estate, Broom- 

house, Lanarkshire, Scotland (ISP) 
Cc 
1892, 


Stewart, Claude W., 
Thornburg Co., Inc., Box 
Huntington 17, W. Va. (W. Va.) 

Stewart, Dueray L., Asst. Civ. 
701 City Hall, 
(Calif.) 


Vice-Pres., 


Oakland 12, 


Chem., 
Gib- 
Calif. 


641 


447 


& Tech. 
Dept., 4100 S. Ashland Ave., Chi- 


Cit 
125 Wort 


Suite 
Ohio 


Md. 


Jones 
866 South St., 


& 
2, Ohi» 


Pa. 


Engr., 
Calif. 


L. 


|_| 
* 
| 
: 
| 
| 
| 
fz 
Ar- 
(New Eng 
= 
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Stewart, Earl, 
Tavish St., 
Can. (Can.) 

Stewart, F. C., Cons. Engr. 
nion Bk Idg. 

Can. (Can; 
W.) 


Pit. Chem., 1315 Mc- 
Regina, Saskatchewan, 


1007 
Vancouver, 
Dual—Pat 


. Asst. Chief Engr., 
f Health. 301 Depts 
g., Columbus 15, Ohio 
M., Opr., Wawa Dairy 
Sth and Allegheny Ave., 
(Pa.) 
Stewart, Harold J., Supt., 
Sew. Tr. Plt., 24600 
Dearborn, Mich. (Mich.) 
Henry, 5264 Argyle Ave., 
Dearborn, Mich. (Mich.) 
Stewart Head, 
of Civ State 


Stewar 


East Side 
Oxford, 


Stewart. 


Dept 
College, 


M. A., Comm 
Dept f Wks., City Hall, 
Ont., (Can.) 
Stewart, } D., City 
Sudbury, 


of Wks., 
Toronto, 


Engr., P. O 
Ont., Can. 


Sylvania_ Ele 
wanda, Pa. 
Steytler, R bert B., San. Engr 
ayhil Pittsburgh 


. Robert E., 
State College, > 
State College, Pa. (Pa.) 
Pub. Wks. Dept., 
Air Sta., 308 Clare- 
re, 1, Box 26, Corpus 
Christi, Tex. (Tex.) 
Al len > © ns. 
E. Stilson & Assocs., 
High St., C 
(Ohio) 


Stilwell, 


Prof., 


Stilson Engr., Alden 
Ltd., 209 S 
lumbus 15, Ohio 


Victor 

Div 

ind Brook, N. J 

Stinson, Robert, Asst. Engr., Dept. 
of Health, Valley Forge Rd., Nor- 
ristown, Pa sey 

Stock, J. Engr., Ind. Bd 
of Health, ¢ S. Franklin St., 
Valparaiso, nd. (Cen. St.) 

Stock, Mitchell B., Cons. Engr., 559 
Knowlton St., Bridgeport 8, Conn. 
(New Eng 

Stockman, C. E., Assoc., 
Stockman, 2825 Second St., 
Ore. (Pac. N. W.) 

Stockman, R. L., San. 

Health Dept., 1412 ~_— ‘Tower, 
Seattle 4, Wash. (Pac. N. W.) 
Stockton, William N., Res 
119 S. Baker St., 

N. W.) 


( 
Inc., Bo 


L. R 
Baker, 


Engr., State 


_ Engr., 
McMinnville, 


“Ridgemead,’ 


Lyne 
( “hertsey, Surrey, 


Eng 


Stokes, D. B., U. S. Pipe & F yundry 
Co., Burlington, N. J. (Assoc. 

Stolz, Stanley B.. San. Engr., Dept 
of Pub. Health, 30 Church St., 
New Rochelle, N. Y. (N.Y.) 

Stone, A. R., Mer., Sew. Disp. 
Dept., Stoke Farm, Stoke Bar- 
dolph, Nottingham, Eng. (ISP) 


Storrer, 


SEWAGE 


Stone, Misha, Pit 
Distilling Co., 
(Pa.) 

Stones, T., Supt., Sew. Disp 
Borough Rd., Salford 5, 
shire, Eng. (ISP) 

y, Benjamin M., 
Paul San. Dist., 
St. Paul 5, 


Supt., Old Clover 
Tunkhannock, Pa 


Wks., 
Lanca 


Opr., Minn.- 
2240 Edge- 
Minn. 


Twp., 


Stork, R, Reeve of Louth 
R Catharines, Ont 


No. 3, St. 


(Can.) 


Storms, Gerald, 


Ingleside Util. Corp., 
Ingleside, 


Tex. (Tex.) 
Fredrick R., 
Michigan 
h.) 
Cons. Engr.. Gore 

130 Bay St., Toronto 

5, Ont., Can. (Can.) 

Stotter, Meyer, Engr., E. I. du Pont 
de Nemours & Co., 153 Whitehead 
Ave., South River, N. J. (N.J.) 

Stouck, V. M., Vice-Pres., N. Y. & 

Co., Inc., Lock Haven, Pa 


City Engr., 
23919 Ave., Dearborn, 
Mich 
Storrie, 
& St trie, 


Stowell, 
Engr., 


Edwin R., Assoc. San 
Bur. of San. Eng., 4977 
Way, Sacramento, Calif 
Strachan, Norman F., Engr., Fed 
Agency, 2611 Cockrell St., 
Ft “Worth Tex. (Fed.) 
Straight, P. D., Opr.. Sew. Plt., Fed 
Reformatory ‘for Women, Alderson, 
W. Va. (W. Va.) 
Straker, M. L., Opr., 
Box 65, Versailles, 
Strand, Tehe A., Partner, Ward & 
Strand, Cons. Engrs., 1 West Main 
St., Madison 3, Wis. (Cen. St.) 
Charles J., Dir. of Pub. 
City Hall, Jamestown, N. Y. 
) 


Sew. Tr. Wks., 
Ohio (Ohio) 


Strandburg, 
ks., 
NY. 


eae J. A., Div. 
Tiernan Sales Corp., 
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‘omm, LaVern M., Asst. Pit. Opr 
Sew. Tr. Plt., 11 Clinton St. 
Tonawanda, N. Y. (N.Y.) 

Jloyd, Supt., Sew. Tr 
>» Home & Train. School 
Coldwater, Mich. (Mich.) 

Toon, F. W., 85 Beddington Lane, 
Croydon, Surrey, Eng. (ISE 

lorpey. Wilbur N., San. Engr., 
of Pub. Wks., 96-05 
Corona, L. N. Y. 

oth, Albert S., 


Dept. 
Conn., 


Nestles 
Marysville, Ohio 


Sales Engr., 314 
Charlotte, N. C. 


Port- 
, 1005 Old 
Spokane, Wash 


Engr., 


Wheel 
Wheeling, W. Va. 


Hargrove St., 


Te. Pit., 
Milton, Wis. (Cen. 


Supt.. Sew. Tr 
Bigelow Ave., Dundee, N 


Cons. Engr., 


Engr., 
ak.) 


Dept 
60th Ave., 
(N.Y.) 
Grad. Stud., 
Univ., 639 207th St., New 
York 34, N. Y. (N.Y.) 
William Supt., 
Depts.. City Hall, 
(Calif.) 

George R., Asst. Pit. Opr 


232 Washington Sq., Syracuse, N. 


Totman, Wat. & 


Ontario 


Town, 


= 
iy 
Calif 
: 
Thompson, Howard : 
Sinclair Refining 
Hook, Pa. (Pa 
Th 
Con 
Thom 
Eng 
1-25 
I 
: 
Tt 
~ 
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Towne, James E., Supt., Pub. Util., | Turner, E. D., Sew. Whs., Green | Updegraff, W. R., Mer . & Ed., West- 


N. Forest St., Waupun, Wis. (Cen. Lane, Failsworth, Lancashire, Eng. = a4 Ma Fm 458 S.'S pring 
St.) (ISP) , Los Angeles 13, Calif. (Calif) 
Towne, John W., San. & Civ. Engr., | Turner, E. S., Partner, William S. Up yper Verde Pub. Util. Co., Clark- 
y San. Dist. of Chicago, 910 S. Turner & Co., Pacific _ Bidg., Port- ale, Ariz. (Corp., Ariz.) 
Michigan Ave., Rm. 600, Chicago land, Ore. (Pac. N.W.) Upson, Dick, Chief Designer, Currie 
5, Ill. (Cen. St.) Turner, Frank P., Civ.  Engr., Eng. Co., 219 Andreson Bldg., San 
Towne, W. W., Dir., Div. of San. Roanoke, Va. (Va.) Kernardino, Calif. (Calif.) 
Eng., State Bd. of Health, Pierre, Turner, J. R., Cons. Engr., Paul | Upton, Frank W., Opr., Sew. Tr. 
S. Dak. (S — Uhlmann & Assocs., 215 Kenworth Pit., 604 Wolcott Ave., Beacon, 
Townend, C. B., West Middle- Rd., Columbus, Ohio (Ohio) GX.) 
sex Main Desia, Wks., Oak Lane, Turner, Marvin C., Engr., Nolle | Ure, Douglas G., Cons. Engr., 24 
Isleworth, Middlesex, Eng. (ISP) Bldg. Annex, Austin, Tex. (Tex.) Queen 5St., St. Catharines, Ont., 
Townsend, Darwin W., Cons. Engr., | Turner, N. P., Cons. Engr., Freese, Can. (Can.) 
Consoer, Townsend & Assocs., 2219 Nichols & Turner, Engrs., 2111 Urick, R. H., Lab. Tech., Sew. Tr. 
E. Belleview Plt., Milwaukee 11, Nat'l. Standard Bldg., Houston, Pit., 749 32nd St., Des Moines 12, 
Wis. (Cen. St.) Tex. (Tex.) la. ‘(la.) 
Tracy, Edward L., Dept. of Pub Turner, W. W., W. W. Turner Co., Urquhart, Donald C., Opr., War 
2 Burling- 206% Union St., Nashville 3, Tenn. ept. Las Vegas Air Force Base. 
on, . (New Eng. 


(Ky.-Tenn.) Box 576, North Las Vegas, Nev. 

Trager, Leonard W., Dir., Div. of | Turney, William F., Herkenhoff & | (Calif.) 
San. Eng., State Dept. of Health, Turney, Cons. Engrs. 223 Monte- | Urquhart, M. B., Mgr., Urquhart 
Concord, N. H. (New Eng.) zuma St., Santa Fe, N. M. (Rocky Serv., 306 Mercantile Bldg., 1031 


Trask, George H., Engr., Fed. Wks. Mtn.) 15th St., Denver 2, Colo. (Rocky 
Agency, Rm. 835, 630 Sansome Turpin, U. F., Asst. Project Engr., | Mtn.) 

St., San Francisco 11, Calif. (Fed.) Chicago Subways, 2518 Ridgeway | Ustruck, J. K., Fairbanks, Morse & 

Trautman, Robert J., Assoc. Engr., Ave., Evanston, Ill. (Cen. St.) | Faith & 220 
Bur. of Sews., 1810 29th $ 1 > H aul 1, Minn. (S. 
Baltimore 18, Md. (Md.-Del.) | Tugtle, Leon 21 Hubbard Ct. | Dak.) 

Travaini, Dario, Supt., Sew. Tr. Pit. | Utah-Idaho Sugar Co., Att: Ford T. 
| Twine, S. R., Sew. Wks., Marley, | “hi 
City Hall, Third Floor. Phoenix, - Scailey, Dist. Mer., Chinook, 
Ariz. (Ariz.) Keighley, Yorks., Eng. (ISP) Mont. '(Corp., Mont.) 


Travers, V. P., San. Engr., 2025 | Tykosky, Frank, Supt., Sew. Tr. Plt., | Utah State Dept. of Health, Div. of 
Northwest 21st St.. Miami, Fla. Kaiser - Frazer, 4588 Greenfield, | Eng. San., 130 State Capitol, 
(Fla.) ea Mich. (Mich.) Salt Lake City, Utah (Calif.) 


Travis, Frank D., Rep., Inertol Co., | Tyler, H. G., San. Insp., Ontario 
1721 Minnesota Ave., Kansas City, De pt. rr Health, Parliament Bldgs., | Vaaler, Adrian W., Civ. Engr., 861 
Kans. (Ia.) Toronto 2, rk Can. (Can.) Willamette, Eugene, Ore. (Pac. 
Trebler, Dr. H. A., Chem. Engr., | Tyler, Leon M., Chem., Howard N.W.) 
athe sid —, — Paper Co., Urbana, Ohio (Ohio) | Van Atta, J. W., Vice-Pres., Ralph 
dale, L. I., N. Y. (Pa.; Dual— B. Carter Pump Co., 53 Park PI., | 
Mich.) Tyler, R. G., Prof., Dept. of Civ. | New York, N.Y. (Assoc.; N. Y.: 
Eng., Univ. of Wash., Seattle, D 
Treo, Alfons, Wash. (Pac. N.W.) ual—Pa. & New Eng.) 
Box 165, ew Cumberlan 4 Van Breda, A. J., Sr. San. Engr., 
Troemper, A. Paul, Prin. San. Engr., Cleveland, Ohio (Ohio) San. Eng., Springfield, Ill. (Cen. 


Dept. of Pub. Health, Div. of San. 


St.) 
Eng., § Ill. (Cen. St.) 


Van Burek, Robert, Dist. Mgr., Wal- 


> Udell, Harold F., Pub. Health lace & Ti Ltd.. 35 ‘: 
Trostle, N. E., Wat. & Sew. Supt., En ace iernan, Ltd., 350 Sorauren 
ingr., USPHS, 15 Merritt Ave., 3 
Temple, Tex. Demont, N. J. ((Fed.) 3,. Ont., Can 
Trrohn’ S Hates, Cone, Engi., Tesi | Bd, of Health, 604 Franklin st., | Vance, Tech. Adviser 
aon Ave., Berkeley 6, Calif. Columbus, Ind. (Cen. St.) Sew. Dist., No. 5 Hawthorne Hill, 
alif.) 


Uhlmann, Paul A. Cons. Engr., Paul | Louisville 4, Ky. (Ky.-Tenn.) 
Trubnick, Eugene H., San. Chem., A. Uhimann Assocs... 1441 N. Vi Be 
Anheuser-Busch, Inc., Old Bridge, High St., Columbus 2, Ohio (Ohio; W sight, 
N. J. (NJ) Dual—Mich.) | 5030 8th Ave., Los Angeles 43, 
Trulander, Wm. M., Opr., Minn.-St. | Ullrich, Pit., Box | Calif. (Calif.) 
Paul San. Dist., 3036 E. Minne- 1160, Austin, Tex. (Tex.) | Vandenburg, J. W., En 
—, Minneapolis 6, | Umbenhauer, E. }. Supt., Dept. of Srinckerhofl, Hogan & Macdonald, 
a. ive Wat. & Sew., P. O. Box 511, E! 51 Broadway, New York 6, a 


Tschog, poet E., Wks. sc hem. Engr., Paso, Tex. (Pa. & Tex.) (N.Y.) 
Nickle C First st Ave., Umberger, C. Dwyer, Chem., Wat. Van Der Vliet, Henry, Supt., Sew. 
| & Sew. Dept., Durham, N. C. | Tr. Pit., 522 Bergen Ave., May- 
Tubbs, L. G., Res. Chem., Barium | (N.C.) | wood, N. J. (N.J.) 
Reduction Corp. S. Charleston, 
W. Va. (W. Va.) Underwood, J. E., Partner, Under- | Van Deusen, E. J., Sew. Supt., 21 
Tuhus, Kenneth ©. Cons. Ener. wood & McLellan, 502 Grain Bldg., | Pearl St., Malone, A (N.Y. ) 
Charles W. Cole & Son, 2411 N. | Saskatoon, Sask., Can. (Can.) | Van Deventer, M. S., Van Deventer 
oY Central St. S. Bend 17, Ind., | Underwood, Thomas Ball, Draftsman, | Eng. Co., 4903 Delmar Blvd., 
(Cen. St.) | J. E. Settle, Cons. Engr., 318 Tre- | Louis, Mo. (Mo.) 
Te, Sept, Wat. Dept, | Vandiver, William A.,, Attend., Sew. 
ingham, N. C. (N.C.) wid Pit R. 11, Box 649; Day- 
Turland, C. N., Managing Dir., | Union Switch & Signal Co., Att: F. al 9, ‘ono (Ohio) 


Sanitherm Eng. Co., 1070 Homer . France, Supt. , of Bldgs. & 
St., Vancouver, B. C., Can. (Can.) Constr., Swissvale, Pa. (Corp., Pa.) Wash., Dept. of Civ. Eng., Seattle, 
Turley, Comer, Supt., Wat. Dept., | Univ. of Calif. Library, Div. of Wash. (Pac. N.W.) 
Pepperell Mig. Co., Lindale, Ga. | Serials & Exchanges, Berkeley 4, | \.1 Kleeck LeRoy W., Prin. San. 
(Ga.) Calif. (Calif.) Engr., State Dept. of Health, State 


Van Horn, R. B., Prof. Univ. of 


~ 


Turnbull, Harry, Chem., 3104 N. | Univ. of Idaho, Dept. of Civ. Eng., Ojlfice Bidg., Hartford, Conn. (New 
1sth ‘St., Philadelphia 32, Pa. | c/o W. Tinniswood, Moscow, Idaho | Eng.) 
(Pa.) ' (Pac. N.W.) | Van Meter, Roy O., San. Engr., 
* Turner, Clyde M., Major, 9829th | Univ. of Southern Calif., General | Dept. of Wat. & Power, Box 3669, 
TSU, Engr. School, Ft. Belvoir, |  Lib., Univ. Park, Los ‘Angeles , Terminal Annex, Los Angeles 54, 


Va. (Fed.) | Calif. (Calif.) ‘Calif. (Calif.) 


> 
wa 
4 
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Van Orden, Jas. H., San. Des. Engr Vincent, G. G., Mgr., Tech. Serv. | Wahlstrom, Carl A., Supt., Sew. Tr. 
Jas. H. Van Orden & Assocs., 5532 Dept., Gen. Chem. Div., Can. In- Pit., 419 N. 23rd St., LaCrosse, 
Blackstone Ave., P. pz 323, dustries, Ltd., P. O. Box 10, Mon- Wis. (Cen. St.) 

Chicago 90, Ill. (Cen. St. treal, Quebec, Can. (Can.) Waite, Paul W., Chem., Elkland 

Van Ornum. H. E., Engr., Fed. Wks. | Vinton, City of, c/o J. K Fowler, Leather Co., Inc., Elkland, Pa. 
Agency, 7228 Wyandotte St., Kan- Opr., Sew. Tr. Pit., Vinton, Ia (Pa.) 
sas City, Mo. (Fed.) (la.) Wakefield, J. W., Dist. Engr., 

Van Praag, Alex, Jr., Vice-Pres. & | Virginia Beach, Town of, Health & Bd. of Health, Box 469, Apaleht 
Sec., Warren & Van Praag, Inc., San. Dept., Att. H. E. Halstead, cola, Fla. (Fla.) 

447 Standard Oifice Bldg., Decatur, Town Hall, Virginia Beach, Va W albridee, Thornton, Supt., Sew. Tr 
Ill. (Cen. St.) (Corp., Va.) Pit., 1201 Winchester Rd., Lib 

Van Sickle, H. H., Engr., Wyatt C. | Vivier, Harvey, Opr., Sew. Tr Pit., pial Til. (Cen. St.) 

Hedrick, 904 Ft. Worth Ave., Ludlow, Mass. (New Eng.) Waldor, N. T., Partner, Aeromotive 
Dallas 8, Tex. (Tex.) Vockel, R. L., Waverly Oil Wks. Co., Industries, 372 N. Cleveland, Apt 

Vaseen, V. A., San. Engr., Ripple & 54th & A. U. R. R., Pittsburgh 1, 6, St. Paul, Minn. (Cen. St.) 
Howe, 2675 Raleigh St., Denver | Pa. (Pa.) Waldron, J. T., Chem. Engr... Hall 
12, Colo. (Rocky Mtn.) | Voden, Stewart, Chem., City Wat Lab., Inc., 135 11th Ave., Hunt- 

Vaughan, E. A., Mer., Light & Wat. Dept., 2512 Central Ave., West, ington, W. Va. (W. Va.) 

ept., P. O. Box 456, Lompoc, Great Falls, Mont. (Mont.) Walizora, John M.. Chief 
Calif. (Calif.) Vokes, F. C., Engr., Birmingham Sharp & Dohme, Inc., 640 

Vaughan, Wm. F., Chem., Tenn. | Tame & Rea Dist. Drain. Bd., Broad St., Philadelphia, Pa. (Pa.) 
Valley Authority, 407 N. Gay St., Rookery Park, Erdington, Birming- | Walkenshaw, Geo. B.. Chem., Ohio 
Knoxville, Tenn. (Ky.-Tenn.) ham 24, Eng. (ISP) Dept. of Pub. Welfare. Cambridge 

Vaughn, T. E., Wks. Engr., Pitts- | Vo itis, Joseph, Opr., Vets. Admin State Hospital, Cambridge, Ohio 
burgh Steel Foundry Co., Glass- | rr Bedford, Mass. (New (Ohio) 
port, Pa. (Pa.) | En Walker, Alfred J., Engr., Fed. Wks 

Vaught. Clyde, W.. IJr., Opr., Sew. | Volk, James V., Opr. Sew. Disp Agency, 230 Washington Ave., 
yi Pit., 2 ly. Bt. 2,. Pit., Box 146, Unity, Pa. (Pa.) Clifton, N. J. (Fed.) 

Cambria, Va. (Va.) Volkmann, I. W., Opr., Sew. Tr. Plt Walker, C. C., Cons. Engr.. 
Veale, J. C., 50 Flemingate, ~~ Iron Ridge, Wis. (Cen. St.) nings-Lawrence Co., 1826 W. Ist 
ley, E. Yorkshire, Eng. (IS Volonte ust F.,° Assoc. San Ave., Columbus 8, Ohio (Ohio) 
Veatch, F. M., Cons. Engr., ie s . Navy Dept., Bur. of Yards | Walker, Charles L., Prof. of San 
& Veatch, 4706 Broadway, Kansas ss, 911 Prospect Ave. Eng., Cornell Univ., 201 Fairmont 

City, Mo. (Rocky Mtn.) koma_ Park, Md. (Md.-De! Ave., Ithaca, N. Y. (N.Y.) 

Veatch. Richard M., Plt. Engr.. : Dual—Fed.) : : Walker, Emerson, Boro. Mgr... Munic 
Cooper-Bessemer Corp., — Lincoln Volpp _A. G., Wat. Supt.. Box 114 ipal Bldg., Elwood City, Pa. (Pa.) 
Ave., Grove City, Pa. (Pa.) Trauemette, West Linn, Ore. (Pac. | watker, J. Donald. Pres., Walker 

Veitch, William M., City Engr., — Process Equip. Co., Inc., P. O. 
City Hall, London, Ont., Can Veggeebens. Edward L., Supt., Pub Box 266, Aurora, Til. (Assoc.: 
(Can.) te > .% Van wx) Ave , Spring Cen. St. & Ia., Dual—Ohio) 

Velz, C. J., Prof., San. Engr., Man Vrooman, Morrell, Cons. . rr. Transite Pipe Dept.. Johns-Man- 
Vrooman, Inc., 21-23 N. ville Sales Corp., 66 Union Ave., 
Gloversville, N Tarrytown, N. Y. (N.Y.) 


hattan College, Edgars Lane, 
Hastings-on-Hudson 6, N.Y. 
(N.Y.) (NY 


(N.Y.) 
y, Charles R., Engr., Buck Sei- | 
Jost. 52 Vanderbilt | Waddell, W. H., City Engr, Owen | cabua, Corpus Christi, Tex. (Tex.) 
ae Pir Sound, Ont., Can. (Can.) Walker, William W., Chem., USPHS 
; oF Wade, Harry D., Sales Rep., U. S Dist. 7, 206 Mutual Bldg., Kansas 
) Flin Pipe & Foundry _Co., 2108" Bryant City 6, Mo. (Fed.) 
Bldg., Kansas City 6, Mo. (Kan.) | Walkinshaw. W. M., 23 Valhalla 
Vensano, H. C.. Dir., Dept. of Pub Wade, W. J., Opr., Sew. q - Blvd., Toronto 13, Ont., Can 
Wks _ Rm 260, City Hall, San 2 y N.. Minne- (Can.) 
Francisco, Calif. (Calif.) apolis 11, Minn. (Cen. St.) Wallace. W. W., Sunt., Filt. & Sew 
Venton, Donald M., c/o Roderick | Wadhams, S. H., Gen., State Wat Tr. Pit. Wat. Wks. Pk., Detroit 
V. Anderson, 956 Fglinton Ave., Comm., State Office Bldg., Hart- 14. Mich. (Mich.) 
W., Toronto, Ont., Can. (Can.) ford, Conn. (New Eng.) | Wallace, Wales W., Res. Engr. Polk, 
VerD« ow. William H., Plt. Opr., Sew. | Wadleigh. Theodore, Jr., San. Engr., | Powell & Hendon, Engrs., 404 Cot- 
269 ead St., Newark, State Dept. of Health, 51 Fox St., ton States Bidg., Nashville, Tenn 
(N.Y.) Aurora, Ill. (Cen. St.) 
Vergeer, G. S., City Mer.. City Hall, | Wadsworth, Ralph G.. City Engr., | Waller, E.. Opr., S. River Sew 
Milton, Ore. (Pac. N.W.)— Rm. 359. City Hall, San Fran- | Rt. No. 12, Box 264, 
r cisco 2, Calif. (Calif.) | Atlanta, Ga. (Ga.) 
| Wagenhals. H. H., Assoc. San. Ener., | Waller, L. V.. Clerk-Treas., Tillson 
Hansen, 7430 Paxton Ave., Chi 7 i 
cago 49, Ill. (Cen. St.) State Dept. of Health, 505 Mc- | burg, Ont., Can. (Can.) 
ee ae Carthy Bldg., Syracuse 2, N. Y. | Wallis, J. A., Supt.. Wat. & Sew 
Verlinden, Albert, Rep., The Dorr (N.Y.) Wks., 1043 W Main St., Malvern 
ksteen, | Waggoner, Norman E., Jr. Pub Ark. (Ark.) 
Health Engr., State Health Dept. | Wallis, L. E., Supt., Wat. Wks., 
Vermette. F. L.. San. Engr., Rt. No. of Wash.. 1407 Smith Tower, | Elberton, Ga. (Ga.) 
‘ane Baldwin, Pontiac, Mich. Seattle, Wash. (Pac. N.W.) | Walraven, W. B., Dist. Engr., Sprin 
Mich.) air: ° er., opring- 
Hunting- | “field San. Dist., Rt. 5, Spring- 
Verwohlt, Clarence H., Chief Engr., ton Sew. Dist paane d Ave., | field, Til. (Cen. St.) 
Wheeling Steel Corp., Beech Bot Darien, Conn. (N.Y 
tom, W. Va. (W. Va) Wagner, Edmund G.. Chiet, Field 
Vick. E Chief Snes Party, Inst. of Inter-Amer. Affairs 
‘Leaken a Council — Div. of Health & San., c/o Amer. St., Los Angeles 13, Calif. (Calif.) 
London, S. E. 1, Eng. (ISP) F Embassy, ITAA, Rio de Janeiro Walters, F. Y., Gen. Sales Mer., 
Toh Brazil (Fed.) John Inglis Co., Ltd., 14 Strachan 
Wagner, Edwin B., Supt. of Wat Ave., Toronto 1, Ont., Can. (Can.) 
Re asi . Wks., Downingtown, Pa. (Pa.) Walters, Grover L., Supt., Wat. & 
Vilen, Frank I. Supt., Sew. Tr. Plt. | Wagner, Norman W., Opr., Sew. Tr Sew. Dept.. 237 W. Common 
City Hall, K 
a all, Kenosha, Wis. (Cen. Pit., Harborview ‘Ave., | Stamford, wealth, Fullerton, Calif. (Calif.) 
inas-Sorba, Manuel, 1555 Francia | Wagner, Richard E., Pres., Zeolite Stilson & Assoc., 209 S High _. 
St.. Santurce, P. R. (P.R.) | Chem. Co., Medford, N. J. (N.J.) ' Columbus, Ohio (Ohio) 


¥ 

: 
4 
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Walton, Graham, San. Engr., Bur. of ; Watkins, S. C., Civ. Engr., A. D. ) Weibel, S. R., Pub. Health Engr., 
Prisons, USP HS, Rm. 302 Kroger Harvey & Assoc., Rm. 8, Golby USPHS, Kroger Bidg., 7th & Wal- 
. Bldg., Cincinnati 2, Ohio (Fed.) Bldg., Medford, Ore. (Pac. N.W.) nut Sts., Cincinnati 2, Ohio (Fed.) 
‘ . enticton, = an epew is almora Honesdale, Pa. a. 
3 (Can.) Ave., S., Hamilton, Ont., Can. | weill, Harold M., Sales Engr., Chain 
Ward, A. Edward, Assoc., Hamilton- (Can.) Belt Co., Rm. 1906, 19 Rector St., 
Weeber, Cons. Engrs., 354-6 | Watson, C. K. F., Ames Crosta | New York 6, N. ¥. (N.Y.) 
Mich (Sich Grand Rapids 2, & Ltd., Moss Iron W cil. Ni man C., Solvay 
i em ye Corp., Sy: 
Ward, A. R., Supt., Sew. Wks., | Watson, Carl H., Des. Engr., Bd. of cuse, N. Y. (N.Y. ) 
» ONY. Meter Co., N. Lexington Ave., 
Maple Dr., Great Neck, N.Y. airymen’s League Coop. Assn., | Weinberger, Leon W., M.L.T. Grad. 
Rd.. Lincoln H ne, Cambridge 39, Mass. (New 
Jard, D. City Sew. Tr. | ng 
Mt. Pleasant, Tex. (Tex.) Engr. J. | Weinstein, Sumner J., 93 Ballou 
Ward, Jonathan B., Sales Engr., |  Ave., Dorchester 24, Mass. (New 
Ward, Oscar, Opr., | Pudsey, Yorks., Eng. (ISP) 
1500 S. Cedar St., Marshfield, Wis. V 
St.) Watson, Henry G., City Engr., Box | San, Eng. De ~ 
Ward, Paul C., Sr. San. Engr., State | 36. . Cheyenne, Wyo. (Rocky | Bldg., Atlanta 3, Ga. (Ga.) 
Dept. of Pub. Health, 787 Vicente | _ > Weisbeck, R. J.. Sz Serv. E 
Berkeley, Calif. (Calif.) | Watson, J. M., 610 Johnson Bldg, | Watiace Con 
Ward, S. B., City Engr., Dillon, | w. | 
Mont. (Mont.) | Watson, K. S., Exec, Sec.-Engr., Weisel, W. O., Boro. Engr. & Supt 
Ward, Thomas D., 645 Hoffman, | Washing- Hall, 
Corpus Christi, Tex. (Tex.) (Ww oylestown, Pa. (Pa. 
Warden, Lotus A., City Engr., 821 | watcon R sar. | Weiss. R. H., Dist. Engr., State 
S. Armstrong, Kokomo, Ind. (Cen. Clarkston, “Glasgow, ‘Scotland ile Ten, (Tex) 
Wardle, J. McClure, Supt.. Dept, of | Watson, W., Supt., Sew. Wks., Mar- 
Pub. Wks., Hudson, N. Y. (N.Y. ley, Ke a Yorks., Eng. (ISP) | St.) . ; 
Wardwell, T. M., City Magr., City | Watson, Jr., Partner, W. L. | Welch. ¥ , 
iall, Rhinelander, Wis. (Cen. St.) | 16741 Saticoy St., Mate 
Ware, Howard T., Engr., The Cen- | Van Nuys, Calif. (Calif.) 4024 Gilman, Louisville, Ky. (Ky.- 
tral Foundry Co., 221 First St., Tenn.) 
Vestal, N. Y. (N.Y.) gheny Co. San. Authority, 200 | Weldon, D. F., Contr., W. F. Wel- 
Waring, F. Chief Engr., State don .Co., Cape Girardeau, Mo. 
Dept. of Health, 302 State Depts. | 2 an0. 
Bidg., Columbus 15, Ohio (Ohio) | Weachter, Horace, Rep., Boro. of Welker, Leland A., Supt. of Sews.. 
Lansdale, 110 Courtland St., Lans- | 151 W. Lake Rd., Penn Yan, 
Warner, Edward J. Supt., Sew. Tr. | dale, Pa. (Pa.) Y. (NY.) 
Vets 50 W. Bing St., York, Pa. | weasner, Leo, Asst. Chem., Sew. | Welsch, W. Fred, Nassau Co. Dept. 
Tr. Pit., 2016 S. Belmont Ave., Wks., Old County Court 
Warner, E. L., Mgr., Harrison Pipe Indianapolis 3, Ind. (Cen. St.) | a Mineola, N. (N.Y 
Co., Box 1153, Tacoma, Wash. Weaver, E. D., Mgr., Pub. Util. | Wells, Alden, Engr., ee: of Pub. 
(Pac. N.W.) Comm., Petrolia, Ont., Can. | Wks., 550 Main St., Hartford 4, 
Warner, R. B., Mer., Wat. Dept., (Can.) | Conn. (New Eng.) 
City Hall, Walnut’ Ridge, Ark. | Webber, H. A., City om. Sunny- | Wells, E. Roy, Cons. Engr., 211 S. 
(Ark.) side, ‘Wash. (Pac. N.W | Fourth St., Geneva, Ill. ‘st 
Warren, Edgar Weer, R. Eng. Wells, J. G., Feld Cottage, 
Salt Mfg. Co., 7 Oakla be Alcorn Ave., Toronto 5, Ont., Castleton, ale, shire, 
Cleveland 21, Ohio (Ohio) Can. (Can.) eg witss) oc € ancashire 
Warren, George D., Opr., Sew. Tr. Weber, Pred W., Pres., Products Res Wells, William T. City Supt., Rad- 
Pit., Corner Broad & Church Sts., s’ LaBrea Ave., Los ford, Va. (Va 
Warrick, . o ie an. Engr., | Webe Robert R., Dist. Sales Mer., iernan Co nc., 82 State St., 
State’ Bd. of Health, Rm. 458, | Mathieson Alkali Wks., Inc, 334 | Albany 7, N.Y. (N.Y,) 
hgh State Off. Bldg., Madison 2, Wis. | Dixie Terminal Bldg., Cincinnati, | Wenger, E. C., Engr., Portland Ce- 
(Cen. St.) | Ohio (Ohio) | ment Assn., Conserv. Bur., 33 W. 


Warwick, Co. of, Att: J. D. Morris, | Webster, Cedric, Asst. Supt., Menlo Grand Ave., Chicago 10, Ill. (Cen. 
Co. Mgr., 119 Station St., Hilton Park San. Dist., 2131 Monterey | St.) 


Village, Va. (Corp., Va.) Ave., Menlo Park, Calif. (Calif.) | Weave, J. H., Supt., Sew. Tr. Wks., 
Wass, "=m “t. Opr., Sew. Tr. | Webster City, City of, c/o Leo 83 Broadway, Westerville, Ohio 


Emerson D. Wertz & 
Bryan, Ohio (Ohio) 


a) it, R. F.'D. No. 1, Somerville, | Holtkamp, Supt., Mun. Sew. Wks., | (Obio) 
N. J. (UJ. O. Box 310, Webster City, Ia. | Wentworth, John P., Cons. Engr., 
Waterman, Earle L., Prof., San. Eng (Ta.) | Metcalf & Eddy, 569 Fellsway E., 
Sate st ia. 208 | Wechter, W. H., San. Engr., | Malden 48, Mass. (New Eng.) 
ing Bldg., Iowa City, Ia. (la.) St., New | bad Roy San., 
4 Geor: Asst. Opr., Minn.- | fork 9, N. Y. (N.Y.) | ealth Dept., 316-318 Ottawa, N. 
Pad Sone Dist, 2150" Prince. | Weckel, W. O., Chief Chem. Spreck- | _W+ Grand Rapids, Mich. (Mich.) 
- Ave., St. Paul 5, Minn. (Cen. yl Co., Spreckels, Calif. — G. i Cons. Engr., 
St.) } (Calif.) . 43rd St. New York 18, 
Watkins, G. R., Partner, J. Stephen | Weeber, Earl R., Cons. Engr., Ham- N. Y. (N.Y.) 
Watkins Cons. Engrs., 145 E. | ilton & Weeber, 356 Houseman | Wertz, C. F., Supt., Dept. of Wat. 
High St., Lexington, Ky. (Ky.- Bldg.. Grand Rapids 2, Mich. & Sew., Box 4821, Miami, Fila. 
Tenn.) (Mich.) | (Pa.) 
+ Watkins, Pe Stephen, Cons. so Weed, Sam A. Engr., Drain. Div., | Wertz, Emerson D., Cons. Engr., 
145 E. High St., Lexington 4, Eng. Dep’ Buena Vista | Assoc - 


(Ky.-Tenn.) Ave., Oakland, “Calif, (Calif.) 


We 
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West, E. D., Megr., Climax Eng. Co., | White, L. R., City Supvr., Burling- | Wiest, Gordon J., Chem., Albright & 
Chicago Office, 111 Monroe St., ton, Wash. (Pac. N.W.) Friel, Inc., 425 Cottman St., Jenk- 
Rm. 922, Chicago 3, Ill. (Assoc.) | White, Paul R., Supt., Sew. Tr. Plt. intown, Pa. (Pa.) 

West, Ezra, Supt. of Light & Power, 505 Alameda Ave., Muncie, Ind. | Wieters, A. H., Div. of Water Pol 
Colton, Calit. (Calif.) (Cen. St.) Control, USPHS, Washington 25, 

West, L. E., Chief Engr., Joint White, R. E., Cons. San. Engr., 1716 D. C 
Meeting, 1185 S. Kingman Rd., Oak St., Bakersfield, Calif. (Calif.) Wiggins, W. C., Field Engr., Pub 
S. Orange, N. J. (N.J.) White, R. H., Tech. Asst., Ministry | Wks, Mare Is. Naval | Shipyard, 

Westergaard, Viggo, Mech. Engr., of Wks., 46 St. Heliers Ave., “et 47, Vallejo, Calif 
Dept. of Pub. Wks., 125 Worth Hounslow, Middlesex, Eng. (ISE) : 

St., New York, N. Y. (N.Y.) White, Roy, Supt., Sew. Tr. Pit. | Wight, Cecil D., Asst. Comm. of 

Westerhold, Arnold F., Engr., State Box 228, Macomb, Ill. (Cen. St.) +t * (Gar) Hall, Ottawa, Ont., 
Dept. of Health, Springfield, Ill White, Victor J., O 068 Cor 

, Opr., 968 Concord 
St... Framingham, Mass. (New | Wig ley, Chester G., Sales Rep. & 
James H., Chem., 25 Eng.) A. B. Wigley & Assocs. 
St., Butler, Pa. (Pa.) White, Warren, Opr., Sew. Tr. Pit., Cc. 
l Milton, Opr., Sew. Tr Grayslake, Ill. (Cen. St.) 
511 N. 4th Ave., Sturgeon whi W. W.. Dir.. State Health Wilbur, Conrad C., Cons. Engr., 205 

Wis. (Cen. St.) Dept., Diy. of Pub. Health Eng 

ghouse Air Brake C Att Sth & Sierra Sts., Reno, Nev 
DeWitt L. Shelly, Engr (Calif.) 
Wilmerding, Pa. (Corp., Pa.) Whitehead, F. E., Health Exec. | St. S. Amboy, ts 

Weston, Arthur D., Chief Engr Boros River Edge & Oradell, 770 San. Engr., 
State’ Dept. of Health, SI1A State Bogert Rd., River Edge, N. J. Branch Co. Healt Dept. Cold 
House, Boston 3 Mass. (New iN.J.) . water, Mich. (Mich.) 

ng Whiteman, Daniel S., Pres., Reilly Wild, Harry E., Chief Engr. Rus 
on, H. §., 142 Hayes Lane Whiteman-Walton Co., Consho sell & Axon, Inc., Cons. Engrs. 
nley, Kent., Eng. (ISI hocken, Pa. (Pa.) Rd., Daytona Beach 

Weston, Roy F., San. Engr., Waste | Whiteman, Harold J., Supt. of Sew one Pp E H , 
Contr. Lab., Atlantic Refining Co., Tr.. North Muskegon, Mich di, Asst. Engr, Hegemmatt 
3144 Passyunk Ave., Philadelphia (Mich.) Zurich 38, Switz. (Swiss.) 
45, Pa. (Pa.) Whiteside, F. S., Asst. Treas., Pacific | Wiley. John S.. Asst. San. Engr., 

Westwood, H. W., Civ. Engr., 1¢ Mills, 140 Federal St. Boston USPHS. 208 W. Benson St., De 

m Ave., Nottingham, Eng. (ISE) Mass. (Va a 
» Engr, Pit. Whitfield, Cyrus Chem., Stream 3. Box 311, Lake Jack- 
Mf Chicago, 1112 an. Div., Tenn. Valley Authority = Tex. (Tex.) 
"Chicheo 43, 1 )7 N. Gay St., Knoxville, Tent Wilkes, E. Dean, Mgr., Control & 
n (Ky.-Tenn Metering, Ltd., 454 King St., W., 

Wheeler, Robert C Cons. Engr Whitfield. George H . " Toronto 1, Ont., Can. (Can ) 
Barker & Wheeler, 36 State St Wks. Agency, 3415 St., Wilkins, George F., Gen. Chem. Div., 
Albany, N. Y. (N.Y.) W., Washington 16, D. C. (Fed.) Allied Chem. & Dye Corp., 235 

Wheelhouse, E. G., Mfgrs. Rep.. | whitley, F. H., Lt. Col., Surgeon's 
Sew. Wks. Equip., 3310 Palmira ist Army, Governors 

St.. Tampa 6, Fla, (Fla.) Wilkins, J. B., Jr., Wat. Supt., P 

W heel ling Steel Corp.. Att: R. B. aon ‘ O. Box 8, Nederland, Tex. (Tex.) 

Wheeling, W Whitloc ‘ion Engr Wilkinson, G. W., 4 Stafford PI., 
(NY) Richmond, Surrey, Eng. (ISP) 

Whelchel, H. E., Supt., Wat. & Sew., Will, Edgar G., Asst. Chem., State 
Box 94, College Park, Ge. (Ga.) | Wetec, Beary C, City Hall, Dept. of Health, 98 Tulane Rd., 

Whelchel, Jack D., Pub. Health Sonn. (New Eng.) Gite 
Engr., Bulloch Co. Health Dept., | Whitney, Frank S., City Engr., City | Willett, C. K., Cons. Engr., 317 N. 
Statesboro, Ga. (Ga.) ng Huntington, W. Va. (W. Galena Ave., Dixon, Iil. io. 

Whipple, Henry R., Opr., Sew. Tr. E St.) 

Pit., 103 Upt m St., E. Syracuse, ieee Fred E., Supt., Pub. Wks., | Williams, Charles H., A. K. Still- 
N. Y. (N.Y Keene, N. H. (New Eng.) | man, Cons. Engr., Olympia, Wash. 

Whipple, Melville C., SO rof Whitney, J. S., Supvr., Maint. & | (Pac. N.W.) 

San. Chem., eaMy Univ. 222 tepair, U. S. Dept. Agr., P. O. | Williams, Clyde E., Cons ‘2. W. 
Pierce Hall, Cambridge 38, Mas Bo , Homestead, Fla. (Fla.) | Colfax Ave., S. Bend 7, ind oe. 


Whittaker, A., Prof., Pub. Health st.) 
~ A.. Prof. of Civ. Eng., Ur of Minn., School of | Williams, D. M., Dir., & Sew. 
College, State College, Pub Hea alth, Minneapolis 14, Dept., Durham, N. C. (N.C. 


Rc ee oe | hitten, T. M., Engr., Warm Springs ows & Assocs., 4 Grange Rd., 
Knoxville Util. Bd., 626 S Found., Warm Springs, Ga. (Ga.) ronto, Ont., Can. (Can.) 


Knoxville, Tenn (Ky 
n.) Whittle, J.. Supt., Sew. Wks., 11 | Williams, G. G., Clerk & Treas., 
Beech Ave., Sowerby Bridge, Gravenhurst, Ont., Can. (Can.) 
, Chas. W., Asst. San. Engr Yorks Eng. (ISP) init "i 
Health Dept., 519 Dexter Ave a Williams, H. M., Vice-Pres., Eng 
Mo a Ala. (Ala.) Wickersheim, Mervin = Chem., Res., Nat'l. Cash Register Co., 
Sew. Tr. Plt., 1402 Fourth Ave., Dayton, Ohio (Ohio) 
White, Clark S., pees Wiedeman & N. Ft. Dodge. Ia. (Ia.) 
Si eset yn, P. O. Box 1878, Atlanta, zo a ei : Williams, J. E., Texas A. & M., Box 
Ga. (Ga.) Widmer, W. J., Stud., Dept. of Civ. 11038, Houston 10, Tex. (Tex.) 
White, David A., Prod. Supt., Hey- |  FQ&, Univ. of Conn., Storrs, Conn. | witjiams, J. §., Automatic Control 
den Chem. Corp., P. O. Box 635, 7 Co., 1005 Univ. Ave., St. Paul 4, 
Morgantown, W. Va. (W. Va.) Widney, Harry J., Supt., Pocahontas | Minn. (Assoc.) 
: 


I Sunt amet me Co., Frank, W. Va Williams, J. T., Adv. Mer., Eng. & 
316 Main St., Contr. Record, 347 Adelaide St.. 
Warren Co. Pa Wiedenhoefer, E. P Prof., Mich W., Toronto 2B, Ont., Can. (Can.) 
Hough- Williams, John R., Partner, Johnson 
White, George C., Div. Engr., & Williams, 1225 19th St. N. W., 
l Tiernan Sales Corp 12 Wiel, Kurt, City Engr., Miles City, Washington 6, D. C. (Va.) 
San Francisco 5, Calif Mont. (Mont.) Willtens. Lee. G Hyd. & San 
. E., State Chem., Canton of Engr., Jones & Henry, Cons 
Harry H., St. Supt., City S allen, Kantonschemiker, Kant | Engrs., 3611 Watson Ave., Toledo 
Hall, Auburn, Calif. Calif.) | a St. Gallen, Switz. (Swiss) 12, Ohio (Cen. St.) 


: 

4 
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: 
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Williams, Marvin G., Supt.-Chem., | Wingert, C. Eber, Plt. Supt., 447 ; Wood, Elgin S., Chem., Pa. Dept. 
Bluefield San. Bd., Bluefield Col- Broad St., Chambersburg, Pa of Health, 1310 Market St., Har- 


lege, Bluefield, W. Va. (W. Va.) (Pa.) risburg, Pa. (Pa.) 
Williams, R. O., Treas., Keansburg, | Winget, Russell L. (see Nat'l. Coun Wood, Ernest A., Supt., Div. of St 
cil for Stream Improvement) Clean. & Scavenging, Dept. 
Williams, R. O., Wat. Plt. Opr., | Winlaw, R. E., Town Clerk, Inger 
Foss, Okla. (Okla.) soll, Ont., Can. (Can.) peg, Manitoba, Can. (Can.) | 
Williams, Richard L., Chem., West- | Winne, George, Opr., Sew. Tr. Pit, Wood, Herbert M., Cons. Engr., 
vaco Chlorine Prods. Corp., 4630A 144 Maple Ave., Attamont, N. ¥ Baldwin & Cornelius Co., 117 W 
McCorkle Ave., 5. Charleston, W (N.Y. NY) Highway, Freeport, N. Y. 
Va. (W. Va.) Winsor, C. E., Supt., Birmingham i ay 
Williams, Ronald, Draftsman, G Tame & Rea Dist. Drain. Bd., ood, J. R.. City Engr., City Hall, 
Hubbard Massey, Cons. Engr., Laburnam Villa, Kingsbury Rd Calgary, Alberta, Can. (Can.) 
Oakton, Va. (Va.) Minworth, Birmingham, tog Wood, R., 48 Waterson Rd., Lupset, 
Williams, Samuel W., Jr., Cons. | — (ISP) Wakefield, Yorks., Eng. (ISP) 
Engr., Greeley & Hansen, 220 S. | Winston, Joe B., Sigler, Clark & Wood, Theo. V., Wood, R. D., Co 
State St., Chicago 4, Ill. (Cen. St.) Winston, Box 428, Weslaco, Tex Pub. Ledger Bidg., Independence 
Williams, W. B., Williams & Works, | — (Tex.) Sq., Philadelphia 5, Pa. (Assoc. 
Engrs. & Surv., County Bldg., | a. A. T., Vice-Pres., Pacitic Wood, W. R.. Cons. Engr., 4017 
Grand Rapids 2, Mich. (Mich.) | Clay Products, Box 145, Sta. A., Melbourne St., Houston 16, Tex 
W A. BP. O. Bax 306 W. Ave., 26, Los Angeles 31 (Tex.) 
431, Daytona Beach, Fla. (Fla.) | Wood, William E., Opr., Sew. Tr. 
siemens 2s, . | Wirt, R. M., San. Engr., Arlington ‘It., 17 William’ St., E. Hartford 
Wiliamgon, Joe Viegas, | Wit, Mi, Sam 
1548, Daytona Beach, Fla. (Fla.) | Va. ¢ Woodburn, James Prof., Hyd 
rils * Asst. C ., On | Wise, William S., Chief Engr., State Eng., Univ. of Wis., Hydraulic 
Pub. Whe Comm, 847 "Ack. | Wat. Comm.,” State Off." Bids Lab., Madison 6, Wis. (Cen. St.) 
erman Ave., Syracuse, N. Y. | Hartford, Conn. (New Eng.) Woodring, R. W., City Chem. & 
(N.Y.) | Wisely, W._H., Exec. Sec.-Ed., Fed Bact., Bethlehem City Lab., Third 
Wilson, C. T., Supt., Sew. Tr. Plt. | Of Sew. Wks. Assns.. 525. Illinois & Adam Sts., Bethlehem, Pa. (Pa.) 
324 Johnson, Waterloo, la. (la.) | Bldg., Champaign, Il. (Cen. St.) Woodruff, E. L., San. Engr., 13452 
Wilson, E. M., Pa. Salt Mfg. Co., | Wisniewski, T. F., San. Engr., State Merl Ave., Lakewood 7, Ohio 
1000 Widener Bldg., Philadelphia, | Bd. of Health, 4341 Hillcrest Dr., (Ohio) 
Pa. (Pa.) | Madison 5, Wis. (Cen. St.) Woods, Frederick M., Asst. City 
Wilson, F. E.. City Hall, Lakeland, | Wiseman, Marrs, Sec., W. Va. Mfgrs. Engr., City Engrs. Office, Guelph, 
Fla. (Fla.)  Assn., Box 2949, Charleston, W Ont., Can. (Can.) 
Wilson, Glenn O., Sales Rep., Dorr | va. cw. Va.) ms Woodward, John D., Pit. Supvr., 
Co.,'1009 Seventeenth St., Denver, | Witcher, C. Preston, Supt., Sew. Tr 204 E. 10th Ave., Cons shohoahen, 
Colo. (Rocky Mtn.) Pit., 707 W. Washington, Ann Pa, (Pa.) 


Arbor, Mich. (Mich.) 


Wilson, Harry L., Constr. Engr., Woodward, Richard L., Engr., Us- 


Jniv. of Minn., 3534 47th Ave., | Withnell, I, 4 Winchester  Ave., PHS, East 3rd & Kilgour Sts, 
gg Minn (Cen. St.) Doncaster, Yorks., Cincinnati 2, Ohio (Fed.) 

Wilson, J. B., Cons. Engr., Beving- —— Cs Woodward, Walter L., Regional 
om Wittenmyer, D., Lab. Tech., Engr., Soil & Conserv. Oprs., U. 
W. Ohio St., Indianapolis 4, Ind. Sew Tr. Wks., 23 Victory Dr., S. Indian Serv., 203 Empire State 
(Cen. St.) Troy, Ohio (Ohio) 


Bidg., Spokane 8, Wash. (Pac. 
N.W.) 


Wilson, J. Preston, Post Engr., Ros- | Wittmer, Earl F., Sam. Engr., State 

well ps Air Field. ML E. Sth Dept. of Pub. Welf., 506 Mt Woollings, Norman D., 387 Millwood 

St., Roswell, N. M. (Rocky Mtn.) Vernon Ave., Marion, Ohio (Ohio) Rd., Toronto, Ont., Can. (Can.) 
Wilson, John N., Engr., Minn. Dept. | Woese, Carl F., Treas., Robson & | Woolidge, H. V., Prod. Mgr., Wal- 

of Health, San. Div., Minneapolis Woese, 2030 Erie cat E., Syra- | lace & Tiernan, Ltd., 350 Sorauren 

14, Minn. (Cen. St.) cuse 3, N. Y. (N.Y.) } Ave., Toronto, Ont., Can. (Can.) 
Wilson, Kenneth I., Gustavo Preston | Wohl, Stanley, Grad. Stud., N.Y. | Woolsey, Lawrence S., Elec. Engr., 

Co., 113, Broad St., Boston 10, Univ., Box Marion L. Crist & Assocs., 508 

Mass. (New Eng.) New York 53, N. Y. (N.Y.) Union Life Bidg., Little Rock, 
Wilson, &: A., Tech. Asst., N. J. | Wolff, Richard E., 1506 “x Tower, | Ark. (Ark.) 

Zinc’ Co., Palmerton, Pa. (Pa. Seattle 4, Wash. (Pac. N.W.) | Woody, D. L., Supt., fewer, pe = 
Wilson, Murray A., Cons. a | Wolfs, John R.. Opr., ve rn Sew. | 414 Gutty St., Fairmont, Vs 

Wilson & Co., Engrs., P. O. Box Tr. Pit., 4243 W. 63rd St., Cleve- | = (W. Va.) 

518, Salina, Kan. (Kan.) | land 9, Ohio (Ohio) | ; 

: ni | Wooten, L. E., Cons. Engr., 102 W. 

Wilson, N. Bruce, Pres., British | Wolfson, David, Asst. Engr., Buck, Hargett St., Raleigh, N. C. (NC) 


toni ter Cx ; ; Seifert & Jost, 251 Seaman Ave., 
of Cane 300 | New Work, Barbara G. (Miss), Hall Labs., 


St., Toronto, Ont., Can. (Can.) | Wolfteich, John, Opr., Sew. Tr. Plt. ae Ave., Pittsburgh 
Wilson, Robert A., Engr., Piatt & Fi , Atlantic Beach, N. Y 
Davis, Engrs., 1006 Knox St., Dur- | Wormuth, W. H., Pit. Opr., Sew. Tr. 
ham, N. (N.C.) | Wolin, Martin, Grad. Stud, N. Y Pit., Maple Baldwinsville, 
Wilson, Ross E., Sew. Plt. Opr.. 17 | Univ., 278 First Ave., New York Y. (N.Y.) 
5 Redan St., London, Ont., Can. | 9% N. Y. (N.Y.) Worrest, Howard A., Supt. of Wat. 
(Can.) | Wolman, Abel, Prof., San. Engr. & Sew., Millersville, Pa, (Pa.) 
Wilson, Twiford C., Asst. Test. Engr., | Johns Hopkins Univ., Latrobe Hall, | Worthington, Erastus, Cons. Engr. 
Bur. of Standards, 4608 W. Ave.. | owe Baltimore 18, Md. 26 Norfolk St., Dedham, Mass. 
Los Angeles 41, Calif. (Calif.) | (Md.-Del.) (New Eng.) 


Wilt, Marlin E., Pa. Dept. of Health, | Wolterink, Paul, Asst. Lab. Supvr., ret “ee . 
138 E. Third St., Williamsport, |  Mead-Johnson’Co., Zeeland, Mich. | Wright 
Pa ch, ) M.. Se Luc Montclair, N. J. (N J) 
inc orman upt. of Sews foltmann, J. J., Cons. Engr., 314 | ’ acd 
46 Birds Hill Ave., Needham 92, Unit Bldg., Bloomington, i. | ‘tight, Carl D., Sales Engr., Pacifi 


Flush-Tank Co., 4241 Ravenswood 

Mass. (New Eng.) ee (Cen. St.) ‘ | Ave., Chicago 13, Ill. (Cen. St.) 
Winebrenner, K. J., Opr., Sew. Tr. Woo, Francis H., Asst. San. Engr. | |. 

Pit., 2020 Fifth St., N., Spring- | Bur. of San., Terr. Bd. of Health, | Wright, Edward, State Engr., State 

field, Ore. (Mont.) P. O. Box 277 3, Honolulu, T. H. | Dept. of Health, S11A State 


Winfeid, Wilmer M. Supt, of Sews., | _ (Calif. 
Rotterdam Sew. Dist., 1319 Rose- | Wood, Ashby, Sew. Plt. Opr., Roane | _ E8-) 
wood Ave., Schenectady, N. Y. | Anderson Co., 130 Alder Lane, | Wright, Joe, Sew. Plt. Opr., Lewis- 
N.Y.) | Oak Ridge, Tenn. (Ky.-Tenn.) | town, Mont. (Mont.) 
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Sales Engr., Chain 
Belt Co., 614 Grant Bldg., Pitts- 
burgh 19, Pa. (Pa.) 

47 Middle Lane South, 
, Yorks., Eng. (ISP) 

Cons Engr., Wistner, 

816 W. Sth St., 

he igeles 13, Calif. 


Wright, John, Jr., 


, Charles B., Myrtle 
> Ave., Charlotte, N 


Dist. Megr., 
Dept. of 

Row, Hart 
) 


‘lark 
Prod 
Calif. 


, Sur 
Pacifi 
418, Alameda, 
Ga 
Ga 


Prof. of Biol., 


Wyckoff, H 
Tech., Atlanta 3, 


School of 
Supt., Sew. Tr 
e., Lansing 16, 


Burns & 
6lst. Ter- 
Mo. (Mo.) 
Aqueduct & 


Supvr. of 
Ave., 
Ont., 


Sew. 
Apt 
Can. 


Yaeck, Arthur W., 
Disp., 104 Margaret 
No. 4, Kitchener, 
(Can.) 

Yarabeck, Robert R., Engr.. 
& Veatch, 1230 E. 8th Ave., 
ver, Co (Rocky Mtn.) 

Yarger, Glen V., City Engr 
First St., Waverly, Ia. (Ia.) 

Yarid, Anis, Engr., Powell & Powell, 
Engrs., 501 Thomas Bldg., Dallas, 
Tex. (Tex.) 

Yates, _ Es q., Prod 
I le . Wedn e sbury, 

ng. (ISP) 


Black 
Den- 


118'2 


Ltd., 


Stafford 
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Yeaber, Bert T., City Comm., City 
Hall, Engrs. Off., Sioux Falls, Ss. 
Dak. (Cen. St.) 

Yenchko, John, Asst. Engr., Pa. 
Dept. of Health, Kirby Health 
Center, Wilkes-Barre, Pa. (Pa.) 

Yeoman, Raymond E., Sew. Pit. At 
tend 336 Lincoln Highway, 
Coatesville, Pa. (Pa.) 

Ye Co., Att: 

Sew. Tr. Dept., 

St., Chicago 22, 

& Cen. St.) 
Elec. 


Copr., 


Brothers Harold 
Mer.. 


Dayton 


mans 
Jeffery, 
1433 N. 
Ill. (Assoc Mich 
Yerkes, Horace W., 
Westinghouse Ele 
miny, Pa. (Pa.) 
John B., Civ. 
Bryn Mawr, Pa 
Milton R., Cis 
Pa. (Pa 
Carleton 


Engr., 
Nesha- 


Engr 
(Pa.) 


Yerkes, Box 
145, 
Yerkes, 
Mawr, 


Yoder, M. 


. Engr., Bryn 


San. En 
Calif 


gr., Rt 
Box (Calif.) 
\ der William 
Dual—Va.) 
Harold W., 
rdner, Engrs., 
Phoenix, Ariz 


Partner, Yost & 
508 Heard Bldg., 
( Ariz.) 
Pit 
235 Osborn 
(N.Y.) 
ww. C. H.. t. Engr., Pa. Dept 
“Health, 608-9 Crawford Co. 
ist Bldg., Meadville, Pa. (Pa.) 


iz, C. O., Supt., Wat. Dept., 
amerton, N. C. (N.C. 
Pipe Div., 
orp., 45 


15, Ohio 
Y. & W. 


River 
Ave., 


Mich., N 


Infilco, 
Houston 


Engr., 
st., 


Sale 
Imont 
(Tex.) 
John T., Assoc. Test. Engr 
of Pub. Wks., 826 Yale St., 
Angeles 12, Calif. (Calif.) 
ung Lewis A., Engr., Dept 
‘ub. Health, Boston Bldg., 
er, Colo. (Rocky Mtn.) 


Young, Norman C 
Borough Ha 


Den 


Phoenixville, Pa 


Borough Engr., 


ot 
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Samuel I., San. Engr., — 
nett, Fleming, Corddry & Car 
ter, Inc., 600 N. Second St., “4 
risburg, Pa. (Pa.; Dual—N. Y.) 

Zahniser, Newton, Wailes Dove Her- 
miston Cop. 17 Bs Pl., New 
York Y. (New Eng.) 

Zavitz, Verne, Chief Opr., Sew. Tr. 
Pit., 310 S. 7th St., St. Charles, 
Ill. (Cen. St.) 

Zehnpfennig, Raymond, Res. Assoc., 
State Lab. of Hygiene, Madison 6, 
Wis. (Cen. St.) 

Harold, Sta. Engr. 
er, e Woods Schools, 
Pa. (Pa.) 

Zeldenrust, A. T., Des. Clyde 
E. Williams & “Assocs., 312 W. ‘ol- 
fax, S. Bend 7, Ind. (Mich.) 

Zele, Alexander S., Chem., L. I. St 
Park Comm., Babylon, N. F 
(N.Y.) 

Zeller, P. J 
& M. C 
O. Box 6564, 
(Tex.) 

Ziegler, 


Zack, 


& Plumb- 
Inc., Lang- 


Engr., 


Res. Assoc., 
Eng. Ex. § 
College Sta., 


Alvin, Pa. 
Middle St., 


Hide Co., 
Scranton, 


ieg] Roy, Wat. & Sew. Supt., 
Okan gan, Wash. (Pac. N.W.) 
Zigerli, P.. Cons. Engr., Forchstr. 
67, Zurich, Switz. (Swiss) 
Zimmer, Frank J., 
Ir. Pits., Farmington, 


Supt., 


Wat. & 
Mo 


, Walker 
ip., Inc., O. Box 
Ill. (la.) 
, Cons. Engr., 
Co., Mason, 


Wo'v- 
Mich. 
Tr. 
Wis 


Martin, 
Del., 


Opr., Sew 


Zogl mann, 
P Shawano, 


Gen 
St.) 
Frederick D., Dist 
State Dept. of Health, 
St., Batavia, N. Y. (N.Y 
Zorn, Ray H., Mgr., Power Equip 
Co., Oak Hat bor, Ohio (Ohio) 
Zuercher, Jerome C., Engr., Fed. 
Wks. Agency, 1084 Bryden Rd., 
Columbus, Ohio (Fed.; Dual- 
Ohio) 
Zydallas, Charles, Asst 
Tr. Plt., Railroad 
N. J. (N.J.) 


(Cen, 
Zollner, 

Engr., 

State 


San 


+ 


Supt., Sew. 
Ave., Manville, 


t 
3 
ta W 
(Calil 
Apts., Myr 
C. (N.C 
Wurts, William A. D., 
Metro. Dist., State 
Health, 2 American 
ford, Conn. (New I 
& Sons, D 
ucts, Box 
Mich. (M 
=. Wymore, Allan H., Er ae 
McDonnell Co., 626 = 
te race, Kansas City 4, I 
Wys, Octavio, P. R. 
Sew. Serv., Stop andez 
Juncos Ave., Santurce, P. R \ 
P.R.) } 
Wright, Charles T., San. Engr. Dir., 
ia USPHS, Rm. 331, New Customs : 
Bee House, 19th & Calif. St., Denver, | ¥¢ Mo.) 
(Mo 
Colo, (Fed.) Zi H 
Wright, Chilton A., Prof. of San 
Eng Brooklyn Poly. Inst., 99 192. M sling 
erine ng 
Prospect 
(Ohio; Dua 
Va.) 3 
\ 
1 
\ 
% 
| 
i 


SEWAGE WORKS JOU 


Urequalled performance ON THE JOB 
— that’s the clinching proof that brings 
PFT Sewage Gas Fired Di- 
gester Heaters, of the type shown above, 
to the Dayton Sewage treatment plant. 


two more 


1947, two PFT No. 
digester heaters were installed 
by the City of Dayton, Ohio, to heat 
two of the four 85-ft. diameter digesters 
equipped with PFT floating covers. After 
over one year of continuous operation, 
PFT engineers conducted extensive per- 
formance tests and dismantled one unit 
completely for thorough inspection. The 
dismantled view, right, taken at the 
time shows the complete lack of fouling 
which permitted continuing the Number 


Early in 500 ex- 


ternal 


2 unit — operating in parallel with the 
tested unit — to continue in operation 
without servicing. 


As a result. two additional units are now 
being installed to supply heat for the 
two 85 foot diameter digesters 
and the origina! six 50-ft. diameter di- 
gesters, all of which are equipped with 
PFT covers. The original six 
digesters were heated with conventional 
type boilers and coils. These boilers 
needed major overhauling and are being 
replaced with the PFT units. 


other 


floating 


Solve ALL the major troubles common 
coils immersed in the di- 
gesting mass — send for details about 
the PFT Digester Heater and Heat 
Exchanger. 


to heating 


4241 RAVENSWOOD AVENUE 
@ LOS ANGELES @ SAN FRANCIKO 


One of two PFT No. 500 


heater and heat e 
installed in the 
Ohio, sewage 
plant. L. C. Huff 
gineer 


xchangers 

Dayton, 
treatment 
man, En- 


CHICAGO 13, ILLINOIS 
@ CHARLOTTE, N.C @ DENVER @ 


TORONTO 
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2 BS PFT No. 500 Heater and Heat Exchanger as dismantled for inspection. ’ 
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the past half-cen- 


tury, sanitary engineering 
has made great strides in combat- 
ting diseases caused by pollution 
of water sources. The year 1899, 
when our Company was estab- 
lished, also marked the develop- 
ment of sewage treatment in 
America. Today, more than 6,000 
sewage treatment plants are in 
operation serving over half of 
our urban population. The 
growth of water supply and gas 
service during this period has 
been equally remarkable. 


To those responsible for the great progress in 
water supply, gas and sanitation service and 
their contribution to better health and living over 
the past fifty years, America pays tribute 


It has been our privilege to 
share in the progress of these 
public services by providing cast 
iron pressure pipe, for water, gas 
and sewer mains, and for sewage 
treatment and water purification 
plants. Better pipe today, nat- 
urally, than 50 years ago— 
stronger, tougher, more uniform 
in quality. An old-time pipe 
founder would be amazed by the 
improved casting methods, pro- 
duction standards and quality 
controls in operation at our sev- 
eral foundries. 


1899-1949 

U.S. Pipe & Foundry Co 
Makers for 50 years of cast iron pipe 
for water, gas and sewerage service 
Genera! Olfices: Burlington N.J 
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NORTON POROUS PLATES AND 
TUBES FOR ACTIVATED 
SLUDGE SEWAGE PLANTS 


OPERATORS of activated sludge sewage plants repeat- 
edly select Norton Porous Plates and Porous Tubes for 
maximum efficiency and minimum operating costs in air 
diffusion. The successful service of Norton Porous Mediums 
results from the know-how of Norton engineers who exer- 
cise the closest control over such essential qualities as 
permeability, porosity, pore size and wet pressure loss. 
Pioneers in the field of fused alumina diffusers, Norton 
Porous Plates and Tubes are the modern medium for 
activated sludge sewage plants. 


NORTON COMPANY — Worcester 6, Mass. 


NORTON 
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just don’t come too big for Koppers! 


WD Look at the 120-foot section of 66-inch steel pipe 
pictured above. It’s only a small fraction of the new 
10,000-foot intake pipe line of the Saginaw-Midland 
Water Project, Saginaw, Michigan. This entire pipe 
line, inside and out, has been protected against corro- 
sion with Koppers Bitumastic* 70-B Enamel. 

From start to finish, Koppers Contract Depart- 
ment handled this tremendous coating job. Some of 
the 40-foot joints weighed approximately 14 tons; 
yet Koppers skilled workmen, using specialized spin- 
ning equipment, easily coated the pipe’s interior with 
a glass-smooth spun lining. Saginaw can now be cer- 
tain that its pipe line will be protected against rust, 
corrosion and tuberculation . . . can be certain that 
the flow capacity will remain high. 

Why not submit your corrosion problems to our 
Contract Department? Write us today. 


PROTECTIVE COATINGS .......... 


KOPPERS 


KOPPERS COMPANY, INC., Dept. 319T, Pittsburgh 19, Pa. 


30 
i 
| 
; 
ia 
og 
| 
} 
a 


SEWAGE WORKS JOURNAL 


Everdur Electrical Con- 
duit serves the aeration 
and final settling tanks 
in bringing power from 
the operating galleries 
to the sluice gates of 
the control centers, and 
from these centers to the 
operating mechanism on 
= center pier of each 
lank, 


Everdur Electrical Con- 
duit in service tunnel 
looking north from north 
gallery. 


PERFORMANCE 


in World’s Largest Sewage Treatment Plant 


.. . leads to extended use of 
Everdur Electrical Conduit 


we Chicago's Southwest Sewage Treatment Plant was built 13 years 
ago, it utilized 14 miles of Everdur* Electrical Conduit, in sizes from 
34” to 22”. Conduit of Everdur Metal was selected because of its high physi- 
cal properties and excellent resistance to many corroding agents. 

More and more Everdur Conduit went into this plant, as its 1939 capacity 
of 400 m.g.d. was expanded to 
1,000 m.g.d. by mid-1948. Further 
expansion will take place over the 
next 5 years. Considerable Ever- 
dur Conduit is specified in several 
new contracts awarded to the 
Northern States Electric Com- 


For detailed information on THE AMERICAN BRASS COMPANY 
Everdur Copper “Silicon Alloys in Ceneral Offices: Waterbury 88, Connecticut 
Sewage and Water Works service, Subsidiary of Anaconda Copper Mining Company 
write for Publications E-1i and In Canada: ANACONDA AMERICAN Brass LTD., 


E-5. 481884 New Toronto, Ont. 
*Reg. U.S. Pat. Of. 


% pany, Chicago. COPPER-SILICON ALLOYS ; 
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Modern Sewage 


require equipment that has proved itself 
efficient and is backed by individual 
responsibility for design, engineering, fabri- 
cation and initial operation. 


General American Conkey Sludge Filters— 
the first to be used for large scale dewater- 
ing of sludges such as primary, elutriated- 
digested, Guggenheim Process, etc. — are 
dewatering more than a thousand tons of 
dry solids daily. 


General American Louisville Dryers have 
been successfully used for years drying both 
activated and digested sludges. Type “L”, 
with patented fire-conduits to eliminate 


Treatment Plants 


scorching or burning, produces a uniformly 
high quality maximum yield of dried 
product for fertilizer or earth conditioner. 


Let the experience and knowledge of 
General American engineers help you while 
your plans are in the blue print stage. 


Other 
GENERAL AMERICAN EQUIPMENT 
SLUDGE DRYERS 


STEEL STACKS 
TURBO-MIXERS 


STORAGE TANKS 
THICKENERS 
SCREENING DEWATERERS 


GENERAL AMERICAN TRANSPORTATION CORPORATION 


Process Equipment Division 


PROCESS 


SALES OFFICE: 10 East 49th St., Dept. 8302, New York i7, W. Y. 
WORKS: Sharon, Pa., East Chicago, Ind. 
OFFICES: Chicago, Cleveland, Louisville, Oriando, Pittsburgh, St. Lowis, Salt Lake City, Sharon, Washington, 0. C. 
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gester Hea ange 


Shown above is the Walker Process HeatX Unit recently 
installed at East Lansing, Mich. 


Designed to provide ABSOLUTE CONTROL 
over each function of sludge heating 


Requires a minimum of necessary safety con- 
trols... eliminates all complicated, easy-to-get- East Lansing, Mich. iastelletion shown 
out-of-order “gadgets”. completely enclosed. 

Each function is separate... easily and ac- 
curately controlled. 

Sludge pumps provide forced circulation of 
sludge from digester through heater tubes, and 
the hot water pump forces uniform flow of jacket 
water to maintain desired heated sludge tem- 
peratures under highly efficient turbulent flow 
conditions. 

This versatile HeatX Unit is adaptable to all 
existing installations... without changing pres- 
ent boiler. We'll gladly supply complete details. — 

Welker Process HeatX Unit installation 
WRITE FOR BULLETIN 24824 at Webster City, lowe 


WALKER PROCESS EQUIPMENT INC. 
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DIRECTORY OF ENGINEERS 


(Continued on page 34) 


ALBRIGHT & FRIEL, INC. ALVORD, BURDICK & HOWSON 
FRANCIS S. FRIEL 
Consulting Engineers ngin 
WATER, SEWAGE AND INDUSTRIAL Charles B. Burdick Louis R. Howson 
Was PROB Donald H. Maxwell 
AIRFIELDS, REFUSE INCINERATORS ‘ 
Water Works, Water Purification, 
CITY 8 Flood Relief, Sewerage, Sewage 
A NNING ALUATION Disposal, Drainage, Appraisals, 
REPORTS LABORATORY Power Generation 
Suite 816-822 


1528 Wainut St. PHILADELPHIA 2 Civic Opera Bullding Chicago 


BAXTER, NELSON & WOODMAN 


ONLY $48 PER YEAR 
Civil and Sanitary Engineers is the cost of a professional listing 
Water Supplies Water Treatment in this space. A card here will iden- 
Sewer Systems Sewage Treatment tify your firm with the specialized 
kaduateten Waste Treatment sewage works field and will afford 
Investigations 


maximum prestige! 
P. 0. Box 67 Crystal Lake, Illinois 


Consulting Engineers 
4706 Broadway, Kansas City 2, Mo. 
Water Supply Purification and Distribution ; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports. 


CLINTON L. BOGERT ASSOCIATES 
Consulting Engineers BOWE, ALBERTSON & ASSOCIATES 

CLINTON L. BOGERT IvaN L. Bocert 

J. M. M. GreicG RoperT A. LINCOLN Engineers 

DONALD M. DitMaRS ARTHUR P. ACKERMAN Sewerage—Sewage Treatment 
Water Bupply— Purification 

Water and Sewage Works Refuse Di al—Analyses 
Refuse Disposal Industrial Wastes Municipal—Industrial Projects 
Drainage Flood Control Valuations—Reporte— Designs 


624 Madison Ave, New York 22, N. Y¥. 110 William Street New York 7, N. Y. 


BUCK, SEIFERT AND JOST 
Consulting Engineers BURGESS & NIPLE 
(FORMERLY NICHOLAS S. HILL ASSOCIATES) Civil and Sanitary Engineers 
Specializing in Sewerage and Sewage Disposal, Water Supply and Purification 
“iwi Sewerage and Sewage Treatment 


Chemical and Biological Laboratories 584 East Broad Street 
112 East 19th Street New York 8, N. ¥. Columbus 15, Ohio 


Take advantage of the services of these outstanding consultants! 
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BURNS & McDONNELL ENGINEERING CO. 


Censulting Engineers 50th year 
Waterworks, Light and Power, 
Sewerage, Reports, Designs 
Appraisals, Rate Investigations. 
Bex 7088, Country Club P.O. Station 
Office 95th and Troost 
Kansas City 2, Mo. 


CAMP, DRESSER and McKEE 
Censalting Engineers 
Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 
and 
Research and Developmeat 
Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys 

Planning 
Bridges 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification, Sewerage 
Systems, Sewage and Industrial Waste 
Treatment, Power Development and Ap- 
plications, Investigations and Reports, 
Valuations and Rates. 


210 E. Park Way at Sandusky, 
Pittsburgh 12, Pa. 


CONSOER, TOWNSEND & ASSOCIATES 
Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


351 East Ohio St. Chicago 11, Ill. 


OSCAR CORSON 


Consulting Engineer 


Sewage and Industrial Waste Problems 
Drainage—Water Supply—Airfields 
Plans—Supervision—Surveys 


902 Highland Avenue Ambler, Pa. 


DE LEUW, CATHER & COMPANY 


Water Su 
Railroads 


Investigations — Reports — Ap 
Plans oa Supervision of 


150 North Wacker Drive 


505 Colorado Bldg. Washington H 


FAY, SPOFFORD & 
ENGINEER 
M. SporvorD W. Horne 
JOHN AYER L. HYLanp 
Bion A. BOWMAN Frank L. LINCOLN 
A. Howarp J. 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment—Airports 


Investigations and Reports Designs 
Supervision of Construction Valuations 
Boston New York 


FULTON & PFEILER 
Censulting Engineers 


investiqntions, Reports, Valuations, De- 
sign and Construction—Water Supply and 
Purification Plants; Sewerage and Sew- 


age Treatment Works; Mun pal | 
and Power alae ams an 
Flood Control 


3209 Brewn Read Saint Louis 14, Misseuri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 

Water Works—Sewage 
Industrial Waste & Garba ool, ‘Disposal 
Roads—Airports—Bri 
Flood Control 
Town Planning—Appraisals 
Investigations & 
Harrisburg, Pa. 
Scranton, Pa. 


New York, N. Y¥. 
Pittsburgh, Pa. 


GILBERT ASSOCIATES, INC. 
Engineers and Consultants 
Power Plant Engineering 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 


New York Washington 
Houston BEADING, PA. phiiadeiphia 


IVAN M. GLACE 
Consulting Sanitary Engineer 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction, and Supervision of 
Operation 
N. Front & Boas Sts. Harrisburg, Penna. 


It pays to secure competent and experienced engineering advice! 
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WILLIAM A. GOFF, INC. 


General Engineering and Consulting Services 
Water, Sewerage, Refuse Incineration 
Industrial Buildings, Power Plants 
Airports, Town Planning 
Plans, Supervision, Valuations, Reports 


Broad St. Station Bldg., Philadelphia 3, Pa. 


GREELEY & HANSEN 
Engineers 
Paul Hansen (1920-1944) 
Pau! E. Kenneth V Hill 
Thomas M. Samuel M. Clarke 
Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 


220 8. State Street, Chicago 4 


Samuel A. Gresley 
2 
~ 


HAVENS AND EMERSON 
Consulting Engineers 


Ww. L. Havens C. A. Emerson 

A. A. Burger F.C. Tolles F. W. Jones 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations.—Luboratories 


Leader Bidg. Woelworth Bidg. 
Cleveland 14 New York 7 


HAYDEN, HARDING & BUCHANAN 
Consulting Engineers 
Joun L. Haypen Joun H. Harpinc 
Oscar J. CaMPta 


Water Works—Sewerage 
Civil—Mechanical 
Electrical—Structural 


826 Park Square Bullding, Boston, Mass. 


HORNER & SHIFRIN 
Consulting Engineers 
W. W. S. W. June 
H. SHIFRIN E. Bioss 
V. C. LiscHes 
Airports — Hydraulic Engineering — 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 
Shell St. Louls 8, Missouri 


JONES, HENRY & SCHOONMAKER 


(Formerly Jones & Henry) 
Consulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 


Waste Disposal 
Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
uildings. 


TROY, N. Y. FT. LAUDERDALE, FLA. 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design, 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


MORRIS KNOWLES, Inc. 
Engineers 


Water Supply and Purtfication, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester 4, N. Y. 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airfields 


Statler Building 
Boston 16 


Parsons, Brinckerhoff, Hall & Macdonald 


G. Gale Dixon, Associate 
Engineers 
Dams, Water Works, Sewerage 

Airports, Bridges, Tunnels 
Traffic & Transportation Reports, Highways 
Subways, Foundations, Harbor Works, Valuations 
Power Developments Industrial Buildings 

51 BROADWAY, NEW YORK 6, N.Y. 


Take advantage of the services of 


these outstanding consultants! 
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BOYD E. PHELPS, INC. 


Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 
Reports, Appraisals, Kate Studies 


232 Franklin Street Michigan City, Indiana 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 
Rosert W. Sawrsr G. G, Jn. 
Haren 
I R Plans 
Su of Construct truction and 


25 W. 43rd ‘Se New York 18, N. Y. 


RIPPLE AND HOWE 
Consulting Engineers 
O. J. RippLe B. V. Hower 
Appraisals—Reports 
Design—Su; vision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports. 
426 Cooper Bldg. Denver 2, Colorado 


RUSSELL and AXON 
Consulting Engineers 


Geo. Russell 
doe Williamson, Jr. 


F. E. Wenger 
Sewerage, Sewage Disposal, Water Sup 
ply, Water Purification, Power Plants, 
Appraisals, Rate Investigations, Reports. 
Plans, Specifications. 

Merchants-Laclede Bldg. 
408 Olive St. St. Louls 2, Mo. 


STANLEY ENGINEERING COMPANY 


Sewerage— Waterworks 
Drainage—Flood Control 
Electric Power—Airports 


Hershey Building 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Mechanical Structural 


Surveys Reports 
209 S. High St. 


Appraisals 
Columbus 15, Ohio 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply, Water Purification, 
Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


CONSULTING ENGINEERS! 


If you specialize in sewage and industrial waste disposal problems, prospective clients 
will expect to find your card in the Directory of Engineers contained in the. . . 


Official Professional Journal of the Sewage Works Field! 


Listings in this Directory have more than doubled 
in the past five years! 


Place your reservation NOW! 
SEWAGE WORKS JOURNAL 
325 Illinois Building, Champaign, Illinois 
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SEWER MAINTENANCE ENGINEERS 
AND PLANT OPERATORS 


Stop Odor Complaints 
Prevent H:S Corrosion 
Cut Maintenance Costs 
Control Sewer Insects 
Reduce E. Coli Counts 


and receive a Non-Septic Sewage, 


easy to handle, at their plants 
ale with 
UP-SEWER 


TREATMENT 


CORPORATION 


JERSEY 1. 
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300 HOMES INSTALL CLAY PIPE 
SEWERAGE SYSTEM 


The new 300-home Byrne-Moline Com- 
munities Housing Project at Moline, Illi- 
nois, selected Vitrified Clay Pipe exclu- 
sively for all its sanitary sewers. The 
over-all job includes 49,300 feet of Clay 
Pipe. This new housing is a project of 
Byrne-Moline, Inc., and is under the super- 
vision of William M. Coopman, Moline 
City Engineer. 


Vitrified Clay Pipe 100% 


Vitrified Clay Pipe is chemically inert throughout because it is made 
of nature’s own basic material. Through and through it is the same 
long-lasting clay, heat-bonded at fusing temperatures into a strong, 
permanent pipe that never wears out! Clay Pipe is rust-proof, cor- 
rosion-proof, and acid-proof . . . needs no paints or other coating to 
protect it from the action of corrosive soils, water, or the chemical 


action of waste materials. 


Write for Information on Your Clay Pipe Question 


NATIONAL CLAY PIPE 
MANUFACTURERS, INC. 


100 N. LaSalle St., Rm. 2100, Chicago 2, Ill. 
522 First National Bank Bidg., Atlanta 3, Ge. 
703 Ninth & Hill Bidg., Los Angeles 15, Calif. 
1105 Huntington Bank Bidg., Columbus 15, O. 
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PROOF 
“STERELATOR EFFICIENCY” 


SPECIFICATIONS 


Actual Users—THE BEST PROOF OF ALI 
Prove our claims that Everson SterEl: nom are 
DEPEN DABLE—SAFE—EFFICIEN 
Easy to operate at LOW MAINTENANC E COST, 
Everson SterElators METER-MIX-FEED 
Chlorine gas accurately for all Water 
or Sewage Sterilizing demands 
Furnished for Manual ‘or Automatic operation 


Everson SterElators utilize a high Vacuum 
The indicating FLOW METERS have a 10 to | ratio. 


Sterrlators 


BVO 
EVERSON MANUFACTURING CORPORATION 
207 West Huron Street, Chicago 10, Illinois 


**‘Our 63rd Year’’ 


Serving America 
Doing The Things We Know Best 


Builders of 
GARBAGE 
DISPOSAL 

SHREDDERS @ 
for the 
Merchant 
Marine 
and 
Municipal 
Sewage 
Plants 


SANITARY ENGINEERS 


Why Net Investigate the Proven Gruendier Principle? 
Send for Catalog and Facts on Latest 
GRUENDLER SEWAGE SHREDDERS 

for Municipal Sewage Plants 


For disintegration of Rag Stock, Garbage, 

Floatables, and og Materials with out 

Choke Down so to pass Screen Bar— 
Select a GRU ENDLE t SHREDDER. 


GRUENDLER 


CRUSHER & PULVERIZER CO. 
2929 N. Market St. St. Louis 6, Mo. 


THE 
MAGNETITE FILTER 


with successful operating 
records, extending back 
as much as 16 years, is 
again available for im- 
proving the effluent or 
increasing the capacity of 
treatment plants for sew- 
age and trade wastes. 


MAGNETITE 
FILTER CORPORATION 
10 EAST 40TH STREET 
NEW YORK 16, N. Y. 


Ane You Interesied 


Sewage and Industrial 
Waste Treatment? 


If so, affiliate with 


THE FEDERATION OF 
SEWAGE WORKS ASSOCIATIONS 


For Particulars, Write 


FEDERATION OF 
SEWAGE WORKS ASSOCIATIONS 


325 ILLINOIS BUILDING 
CHAMPAIGN, ILL. 


= 
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"| This new publication describing 

"> meters for sewage, industrial 
wastes, sludge and irrigation 
water should be part of your 
file on ftow measurement, Ask 
for Bulletin 62. 


FEATURES of 
BAILEY OPEN CHANNEL METERS 


- Low Cost 

. Easy to Install 

Easy to Maintain 

Retain Accuracy 

. Self-Cleaning 

. Adjustable Capacities 

. Indicate, Record and Integrate 

. Totalize Multiple Flows 

. Rate of Flow and Ratio Controls 
. Simple Chemical Feed Controls 


BAILEY METER COMPANY 


1066 IVANHOE ROAD ° CLEVELAND 10, OHIO 
Meters and Controls for Sewage and Water 


VENTURI TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES @ DIRECT MECHANICAL AND REMOTELY 
LOCATED REGISTERS @ AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS. 


WN 
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Mixed tlow 
volute. Capaci 
ties from 2,000 
to 50,000 G.P 
M. Heads trom 
10 to 60 ft. 


Non-clogding 
vertical or hor?- 
zontal: Capacr 
ties from 50 to 


20,000 G. P.M 


Heads ftom 10 
to 100 ft 


In sewage pumping, the Economy line has reached its present 
excellence through 34 years of development. Case histories of 
municipal and industrial installations throughout the world prove 
it. Whatever your pumping requirement, you'll find there’s an 
Economy Pump to do the job better . longer . . . at lower cost. 
For complete details write Dept. AC-3. : 


Centrifugal, axial 


Non-cloga@ingd 
sump. Capaci- 
tres from 50 to 
10,000G.P.M 
Heads trom 16 
to 100 tt 
, and mixed flow pumps for oll applications. 


_ Economy Pumps Inc, 


Division of Hamilton-Thomas Corp 


Hamilton, Ohio 


Steel. 


when you consider CATHODIC PROTECTION 
look to E.R.P.’s facilities 
- top-notch research engineers and development facilities 

- - - a skilled engineering and design staff 

- - trained field engineers for special surveys. 
. - + first line equipment—Dow, Alcoa, Federal. Westinghouse, G.E. and others 

- - specialized service and installation crews conveniently located to give prompt 

service. 


At E.R.P., your corrosion problems get the individual attention necessary for successful 
solution. There's no obligation. Write today. 


ES ELECTRO RUST-PROOFING CORP., (N. J.) 


BELLEVILLE 9, NEW JERSEY » REPRESENTED IN PRINCIPAL CITIES 
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HARDINGE 


The Hardinge Rectangular Tank Clari- 
fier is particularly suitable where space 
is limited or where sludge delivery is de- 
sired at one end of the tank. A travel- 
ing bridge crane spans the tank width 
and supports a sludge scraper and skim- 


RECTANGULAR 
CLARIFIERS... 


mer. This unit moves automatically 
along the tank, scraping all settled solids 
into sludge hoppers at one end and dis- 
charging scum into a scum trough. Give 
us pertinent details of your treatment 


problem; write for Bulletin 35-C-16. 


FoR 


SCRAPER 
mc STOP 


DRIVING MECHANISM F-ERFLUENT 


YORK, PENNSYLVANIA — 240 Arch St. 


NEW YORK 17—122 E. 42nd St. 


G SLUOCE 


Main Office and Works 


+ 205 W. Wacker Drive—CHICAGO 6 
SAN FRANCISCO 11—24 California St. 


200 Bay St—TORONTO 1 


Manual of Practice No. 1 
“Occupational Hazards in the Operation of Sewage Works” 


$.25 each to Federation Members—$.50 each to Non-Members 


Manual of Practice No. 2 
“Utilization of Sewage Sludge as Fertilizer” 


$.75 each to Federation Members—$1.25 each to Non-Members 


Manual of Practice Binders 
Attractive and practical 3-ring binders, equipped with 
end-openers, lettered on front cover and back edge and 
‘large enough to file several manuals of practice as they will 
be issued, are ready for delivery now. Price $2.00. 


Place your orders immediately! 


FEDERATION OF SEWAGE WORKS ASSOCIATIONS 
3285 Illinois Building, Champaign, 
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“FLEXIBLE experience again provides new 
methods of simplifying tough jobs. These two 
new Lower Manhole Jacks brings sewer and 
line cleaning operations another step further 
into the open. They also speed tool chang- 
ing. Note how the coupled rod guide is quick- 
ly, firmly, simply anchored at the bottom of 
the manhole, Also note that the face of the 
bell is held away from the lip of the sewer 
line itself. This enables operators to see roots 
before they jam tight in the rod guide. 


Adjustable Back Jock (Op- 
tional use). Perfect for getting 
additional anchorage of rod 
guide. Sold separately. 


Adjustable Foot Jock. Ideal for 
use with proven ‘'Flexible’’ Steel 
Rod system of cleaning sewer 
lines. Sold separately 


Lower Manhole Jacks in po- 
sition. Clear working face af 
sewer is provided as well as 
comfortably small amount of 
rod bend into sewer line. 


ASK YOUR NEAREST ‘FLEXIBLE’ OFFICE TODAY BOR FULL INFORMATION 


FLEXIBLE SEWER-ROD EQUIPMENT CO. 


9059 Venice Bivd., Los Angeles 34, California 


141 W. Jackson Blvd 401 Broadway 147 Hillside Ter P.O. Box 165 2011 Central Ave. 
Chicago, Ill. New York 13 Irvington, N. J. Atlanta Memphis, Tenn. 


801 E. Excelsoir Blvd. 29 Cerdan Ave. P.O. Box 447 41 Greenway St. 
Hopkins, Minn. Roslindale 31, Mass. Loncaster, Texas Hamden, Conn. 


3786 Durango Ave. 909 N. Homewood Ave. 4455 S.E. 24th Ave. 
————"= Los Angeles 34, Calif. Pittsburgh 8, Po. Portland 2, Ore. a 
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